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NOVEL SUBSTITUTED PURINYL DERIVATIVES 
WITH IMMUNOMODUIATING ACTIVITY 

5 

Field of the Invention 

The present invention covers substituted purinyl 
confounds • In particular, the present invention concerns 
10 6-substituted purinyl alkoxycarbonyl amino acid compounds, 
more particularly arginine derivatives. 

Background of the Invention 

15 The primary function of the immune system relates to the 
protection of the body from disease. The immune system 
protects against not only those diseases which result from 
an attack by bacteria, viruse.s, and other pathogens, but 
also cancer, as well as disease states which result from 

20 immune imbalance, opportunistic infections, or autoimmune 
disorders . 

Modulation of the immune system through pharmaceutically 
induced stimulation or suppression offers an important 

25 approach to the control of disease, Conpounds which non- 
specifically stimulate the immune system are of 
potentially significant medicinal importance and have been 
the object of a lengthy research effort. Often, the 
research results show that immunomodulating compounds are 

30 either weak immunostimulants, and hence not very 

effective, or potent immunostimulants and, therefore, 
effective but toxic by virtue of this potent 
immxmostimulating activity. 
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Among the many classes of conpounds which non-specif ically 
stimulate the immune system are nucleosides which are well 
known in the art. For exart^Dle, 7-thia-8-oxoguanosine has 
5 been described by D.F. Smee et al. in the Journal of 
Biological Response Modifiers, 9, 24-32, 1990 as an 
antiviral agent in mice. The activity of this compoiind is 
derived from its ability to activate NK and B cells in the 
immune system, and to induce interferon. However, 
10 subsequent antiviral . studies in hximans as reported by P.G, 
Higgins et al. in Antiviral Chemistry and Chemotherapy, 2, 
61-63, 1991, have disclosed few encouraging results. One 
problem has been the lack of oral bioavailability. 

15 Other nucleosides have been synthesized and studied in an 
effort to develop an in^roved medication. For example, 
D.F. Smee et al. report in Antimicrobial Agents and 
Chemotherapy, 35, 152-157, 1991, that 7-deazaguanosine has 
significant immunostimulatory and antiviral activity after 

20 oral administration. However, these results are 

preliminary. With many nucleoside compomds, toxicity is 
an important issue which must also be closely analyzed. 

A particular class of nucleoside immunostimulants has 
25 arisen from inosine and other similar hypoxanthine- 
containing compounds. A well Icnow example is 
isoprinosine, an inosine-containing complex. Isoprinosine 
has been thoroughly studied as an immunomodulator and 
referred to as a ''gold standard" by CD. Simone et al. in 
30 Thymus, 19, 51-55, 1992. Some rationale for the activity 
of hypoxanthine- (inosine) containing compounds arises 
from the observation that a lack of adenosine deaminase, 
the enzyme which converts adenosine to inosine, results in 
severe combined immxinodef iciency disease (SCID) , 



2 
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Although very nontoxic, isoprinosine is not an effective 
imrminomodulator, and in order to iirprove its 
immunopharmacological properties, niimerous analogues have 
5 been synthesized, as reported by J.W, Hadden et al. in 
International Journal of Imraunopharmacology, 13, 49-54, 
1991 (suppl. 1). In particular, they describe a prodrug 
in the form of inosine 5 ' -monophosphate (inosine, \inless 
corrplexed, has little in vivo activity) and methyl inosine 
10 monophosphate (MIMP) . However, MIMP is not a very active 
immunomodulator . 

In an effort to retain the nontoxic properties of 
isoprinosine, but enhance the immunostimulatory activity, 

15 an immunomodulator was synthesized which contained both 
hypoxan thine and the amino acid L-arginine covalently 
linked by a pentamethylene bridge. The compo\ind, ST 789 
(hypoxanthine pentyloxycarbonyl L-arginine, formerly PCF 
39) has been thoroughly described in a recent issue of 

20 Thymus, 19, S1-S112 (1992). L-Arginine was selected 
because it is known to play a role in immune activation 
and is present at the terminus of many immxinomodulatory 
peptides such as tuftsin, substance P, thymopentin, and 
splenopentin. ST 789 is fiirther described in European 

25 Patent Application #91830284, publication #464,009, 

published January 2, 1992. Analogues of ST 789 are also 
described in the European pxablication where oligopeptides 
conposed of naturally occurring L-amino acids replace L- 
arginine. However, the pxirine base portion of the 

30 molecule remains hypoxanthine. 

While no immunological comparison was made with 
isoprinosine, a similar pattern emerged. The compounds 
are nontoxic but, at best, moderate immunostimulants , For 
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example, there was no indication that ST 789, or analogues 
thereof, could stimulate an important immune cell subset 
such as cytotoxic T lymphocytes (CDS* T cells) . This 
subset plays a key role in the defense of the body from 
5 viral infections and cancer. 

P. Comaglia-Ferraris describes still another analogue of 
ST 789 in International Journal of Immunopharmacology/ 13, 
1005-1012, 1991. In the published compound, L-arginine is 

10 replaced with the bombesin carboxy terminus dipeptide L- 
leucyl L-methionine. The purine base remains 
hypoxanthine . In f^ct, in this class of corrpounds where a 
purine base is covalently linked by a methylene chain to 
an amino acid or an oligopeptide, very little data has 

15 been reported for compounds including a purine base other 
than hypoxanthine. Further, because of the requirement 
for physiologically active amino acids in mammalian 
systems, all the work reported to date describes amino 
acids of the (natiiral) L-conf iguration. One brief 

20 description of the replacement of hypoxanthine with the 
naturally occurring purine bases adenine and guanine is 
reported by R. Stradi et al. in Fl. Farmaco, 45, 39-47, 
1990, but there is no indication of significant biological 
activity. 

25 

As noted above, adenosine deaminase, and by implication 
inosine, is necessary to maintain normal immune status. 
Therefore, in U.S. patent 5,272,151 issued December 21, 
1993, M. Marzi et al. reported that in ST 789 the 
30 hypoxanthine is replaced with the xanthine oxidase 

inhibitor allopurinol. The result is ST 689, allopurinol 
pentanol. This substitution is expected to increase the 
concentration of inosine in vivo since inosine is 
catabolized to xanthine, and then uric acid in mammals in 
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the presence of xanthine oxidase enzyme. However, 
allopurinol was noted to be immunosuppressive and ST 689 
was not significantly more immunostimulatory than ST 789 
in most of the immunology assays reported in the '151 
5 patent . 

Levamisole is another immunoregulator agent used against 
maligncint melanoma. It has now been fo\and that levamisole 
induces serious thrombocytopenia after starting adjuvant 
10 levamisole therapy for malignant melanoma [Med. Pediatr. 
Oncol, Apr 1995, 24 (4), 262-4], 

The prior art indicates that there is a need for coirpounds 
which have the ability to stimulate a number of immune 
15 cell subsets and thereby possess significant 

immunomodulating activity, but, at the same time, lack 
toxicity. 

Summary of the invention 

20 

In accordance with the present invention, there is 
provided a compound which possesses significant 
immimostimulatory capability both in vitro and in vivo, 

25 Specifically, there is provided a compoiind which possesses 
activity in increasing the amoxint of cytotoxic T cells in 
vitro and in vivo. 

In another aspect of the invention there is provided an 
30 immunomodulatory coitpound which does not have significant 
toxicity and, in particular, does not have the toxicity 
which is associated with significant or potent 
immunos timulation , 
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In another aspect of the invention, there is provided an 
immiinomodulatory corrpound possessing a purine derivative 
which is not a natural base- 

5 In a further aspect of the invention, there is provided a 
conpound which acts as a control against tumor growth. 

The present invention includes compounds of formula (I) : 




(I) 

or pharmaceutically acceptable derivatives thereof, wherein 
Ri is selected from the group consisting of hydrogen; Ci-ie 
alkyl; halogen; siibstituted or unsiibstituted thiol; 

8 * 8 

15 uns\ibstituted or siibstituted amino; and OR wherexn R 

is selected from the group consisting of hydrogen, Ci- 
16 alkyl, Ci-8 acyl, and C7-18 aryl; 
R2 and R3 are independently selected from the group 

consisting of hydrogen; C1-4 alkyl; amino; sxibstituted 
20 or unsubstituted thiol; and halogen; and 

R4 is selected from the group consisting of a linear or 
cyclic carbon chain of the formula (CHo-2)o-2o -X 
optionally interrupted with one or more heteroatom, and 
optionally substituted with one or more =0, or =S, and 
25 wherein x", is selected from the group consisting of 
hydroxy, an aminoalkyl group, an amino acid, or a 
peptide of 2-8 amino acids, 
with the proviso that, when Ri is NH2, and R4 is pentyloxy 
carbonyl-L-arginine, then R2 is not hydrogen, and 
30 when Ri is OH, and R4 is pentyloxycarbonyl-L-arginine, then 
R2 is not NH2. 

6 
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The following definitions are used herein. 

The term "alkyl" as enployed herein includes both straight 

and branched chain radicals, for exanple methyl, ethyl, 

5 propyl, isopropyl, butyl, t-butyl, isobutyl, pentyl, 

hexyl, isohexyl, heptyl, 4, 4-dimethylpentyl, octyl, 2,2,4- 
trimethylpentyl, nonyl, decyl, undecyl, dodecyl, the 
various branched chain isomers thereof. The chain may be 
saturated or unsaturated and may contain, for example, 

10 double and triple bonds. The alkyl may be interrupted or 
substituted with, for example, one or more halogen, 
oxygen, hydroxy, silyl, amino, or other acceptable 
substituents . 

15 The term ''aromatic or non-aromatic ring" as used herein 
includes 5 and 6 membered aromatic and non-aromatic rings 
\ininterrupted or interrupted with one or more heteroatom, 
for example O, S, SO, SO2, and N, or the ring may be 
unsubstituted or substituted with, for exanple, halogen, 

20 alkyl, acyl, hydroxy, aryl, and amino, said heteroatom and 
substituent may also be substituted with, for example, 
alkyl, acyl, aryl, aralkyl. 

The term '^acyl" as used herein refers to carbonyl groups 
25 of the formula -COR wherein R may be any suitable 

substituent such as, for example, alkyl, amino, halogen, 
thiol, oxygen, hydroxy, and hydrogen. 

The term "aryl" as employed herein refers to monocyclic or 
30 bicyclic aromatic groups containing from 6 to 10 carbons 
in the ring portion, such as phenyl, naphtyl, substituted 
phenyl, naphtyl, substituted phenyl or substituted 
naphthyl, wherein the substituent on either the phenyl or 
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naphthyl may be for example alkyl, halogen, Ci_4 

alkoxy, hydroxy or nitro. 



The term "aralkyl" as used herein refers to alkyl groups 
5 as discussed above having an aryl substituent/ such as 
benzyl, p-nitrobenzyl, phenethyl, diphenylmethyl, and 
triphenylmethyl . 

The term "sxibstituted amino" as used herein refers to an 
10 amino which may be substituted with one or more 

substituent, for example, Ci-e alkyl, Ci-a acyl, Ce-u aryl, 
hydroxy, and hydrogen. 

The term "^amino acid" as eirployed herein includes and 
15 enconpasses all of the naturally occurring amino acids, 
those amino acids in their D- and L-conf igurations, and 
the known non-native, synthetic, and modified amino acids, 
such as homocysteine, ornithine, norleucine and P-alaline, 
A list of non natural amino acids may be found in "The 
20 Peptides", vol 5, 1983, Academic Press, Chapter 6 by D,C. 
Roberts and F. Vellaccio. 

The term ''linear or cyclic" when used herein includes, for 
example, a linear chain which may optionally be 
25 interrupted by an aromatic or non-aromatic ring. Cyclic 
chain includes, for example, an aromatic or non-aromatic 
ring which may be connected to, for exanple, a carbon 
chain which either precedes or follows the ring. 

30 The term ''pharmaceutically acceptable derivative" as 

enployed herein, includes any pharmaceutically acceptable 
salt, ester, or salt of such ester, of a compound of 
formula I or any other conpoxand which, upon administration 
to the recipient, is capable of providing (directly or 
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indirectly) a compound of formula I or an active 
metabolite or residue thereof. 



5 Brief Description of Drawings 

Figure 1 illustrates the variations in tumor growth for 
mice treated with cyclophosphamide, or coitipound #1, or 
both. 

10 

Figure 2 illustrates the body weight variations for mice 
treated with the same regimen as in Figure 1 

Figure 3 illustreates the variations in tumor voliime for 
15 mice treated with Cytoxan, or compound #1 , or both. 

Figure 4 illustrates the body weight variations for mice 
treated with the same regimen as in Figure 3 . 

20 Figure 5 illustrates the variations in tumor volume for 
mice treated with 5FU, 5FU with levamisole, and 5FU with 
coirpound #1. 

Figure 6 illustrates the growth curves of male Fisher rats 
25 treated with coitpound #1 at high doses. 

Figure 7 illustrates the growth curves of female Fisher 
rats treated with confound #1 at high doses. 

30 Description of the Invention 

In one aspect of the present invention, there is provided 
a coir^jound of formula (I) wherein R4 is { C3Io.2 ) i-e-x" . 
wherein X^^ is OH. 
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In a further aspect of the invention, there is provided a 
compotind of formula (I) wherein R4 is {CH2)- L -0-CO-x", 
wherein L is a linear or cyclic carbon chain optionally 
5 interrupted with one or more O, S, or NH. 

Preferably, X^^ can be (CH2)nNH2 wherein n is an integer 
between 1 and 6. More preferably, n is 2. 

10 More prefercibly, can be a naturally occuring amino acid 
in the D- or L- configuration. Preferably, these amino 
acids can be selected from the group consisting of: 
arginine, glycine, alanine, glutamic acid, valine, 
ornithine, or citrulline, or conservative substitutions 

15 thereof. 

Still, more preferably / the amino acid is L-arginine. 
Even more preferably, the amino acid is D-arginine. 

20 In an alternative embodiment of the invention, X^^ may be a 
peptide of 2 to 8 ainino acids. 

Preferably, such a peptide can be Val-Pro-Leu, or Ile-Pro- 
lie, or conservative substitutions thereof. 

25 

In another embodiment of the invention, L can be selected 
from: -(CH2)n-/ - {CH2)a-H- (CH2)m-/ and (CH2)m"C=C- (CH2)m-, 
wherein H is 0, S, or NH, n is an integer between 1 and 6, 
and m is an integer between 1 and 3 , 

30 

Preferably, L can be selected from: phenyl, cyclohexyl, 
dioxolanyl, oxathiolanyl, and cyclopentyl. 
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In an further alternative of the invention, when Ri is Ci-ie 



alkyl, Ri can be an aromatic or non aromatic ring 
optionally interrupted with one or more heteroatom, and 
optionally substituted with one or more heteroatom, 
5 hydroxy, halogen, C1-16 alkyl, Ci-ie acyl, C6-12 aryl, nitro, 
or substituted or unsiibstituted amino. 

More preferably, Ri can be OH, OCH3, SH or SCH3. 

10 Alternatively, Ri can be selected from the group consisting 
of: hydrogen, halogen, Ci.g alkyl, xinsubstituted or 
siibstitued amino, OH, and OCi-e alkyl, SH, or SCi^e alkyl. 

Preferably, Ri can be chloro. 

15 

Alternatively, Ri can be represented by formula NR^R^ 
wherein R^ and R^ are independently selected from the group 
consisting of hydrogen, C1.4 alkyl, C1-4 alkoxy, C1-4 acyl, 
substituted or unsubstituted amino, and Ce-io aryl. 



Preferably, Ri can be selected from the group consisting 
of: 

-N(CH3)2. 



20 



-NHNH2, 



25 



-NHCH3, 



-NH2, 



-N(NH2)CH3, 

-NH-CH { CH3 ) CH2-O- ( CO ) CH3 , 




30 




wherein R20 is H or methyl. 
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Ri can be: -N(CH3)2- 
Ri can be: -NHNH2. 
Ri can be: . -NHCH3, 
Ri can be: -NH2, and 
Ri can be: -N{NH2)CH3. 



Most preferably, Ri can be -N{CH3)2. 

10 In a further alternative embodiment of the invention, R2 
and R3 can be independently selected from the group 
consisting of: CI, Br, I, and F. 

Preferably, R2 and R3 can be independently CI, or Br. 

15 

More preferably, R2 can be H, CI, or NH2- 

More preferably, R3 can be H, Br, or SH, or SCH3. 



20 Most preferably, the compound of the invention is 

represented by formula (I) wherein Ri is N(CH3)2; R2 and R3 
are both hydrogen; and R4 is pentyloxycarbonyl-D-arginine, 
or pharmaceutically acceptable derivatives thereof. 

25 Preferred compounds of the present invention are selected 
from: 

Compound #111 N- (6-Chloropurin-9-yl) -5-pentanol 
Compooind #V N- ( 6-N,N-Dimethylaminopurin-9-yl ) - 
pentanol 

30 Compound #1 N,N-Dimethylaminopurinyl 

Pentoxycarbonyl D-Arginine 
Compound #2 N,N-Dimethylaminopurinyl 
Pentoxycarbonyl L-Arginine 
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Coirpoiind #3 N-Monomethylaminopurinyl 

Pentoxycarbonyl D-Arginine 
Compound #3a N- { 6-N-Methyl-Aminopurin-9-yl ) - 

pentanol 

Conpoiind #4 N-Monomethylaminopurinyl 
Pentoxycarbonyl L-Arginine 



Compotmd #5 

Arginine 
Compound #5 a 
Conpoxmd #6 

Arginine 
Coirpound #7 

Arginine 
Conpoxind #7 a 
Conpound #8 

Arginine ; 
Conpound #9 

Arginine ; 
Conpound #10 

Arginine ; 
Conpound #11 

Arginine ; 
Compound #12 

T^ginine ; 
Compound #13 

Arginine ; 
Conpound #14 



Aminopurinyl Pentoxycarbonyl D- 

N- ( 6-Aminopurin-9-Yl ) 5-Pentanol 
Aminopurinyl Pentoxycarbonyl L- 

Hydrazinopurinyl Pentoxycarbonyl D- 

N- ( 6-Hydrazinopurin-9-yl ) 5-Pentanol 
Hydrazinopurinyl Pentoxycarbonyl L- 

Chloropurinyl Pentoxycarbonyl D- 

Chloropurinyl Pentoxycarbonyl L- 

Hydroxypurinyl Pentoxycarbonyl D- 

Mercaptopurinyl . Pentoxycarbonyl D- 

Mercaptopurinyl Pentoxycarbonyl L- 



N , N-Dime thy laminopur inyl 
Pentoxycarbonyl Glycine; 
Conpound #15 N,N- ( 6-Dimethylaminopurin-9-yl) -7 ' - 

ethoxy-ethoxycarbonyl-D- arginine ; 
Cortpound #16 {2S, 4S) -2- (N,N-dimethylaminopurin-9- 

yl ) -4- (methyloxycarbonyl-D-arginine ) -1 , 3-dioxolane ; 
Conpound #17 N- (e-Dimethylamino-S-bromopurinyl- 
Pentoxycarbonyl L-Arginine; 
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Compound #18 N-(6-dimethylainino-8-bromopurin-9-yl) 

7-pentoxycarbonyl-D-arginine ; 
Compound #19 N-9-purinyl-5-pentanol ; 
Compound #20 N-9-purinyl-7-pentyloxycarbonyl-D- 

arginine ; 

Compound #21 N-9-purinyl-7-pentyloxycarbonyl-L- 
arginine; 

Compoxand #22 N,N-Dimethylaminopurinyl 

Pentoxycarbonyl L-Valyl L-Prolyl L-Leucine; 

Compound #23 N,N-Dimethylaminopurinyl 

Pentoxycarbonyl L-Isoleucyl L-Prolyl L-Isoleucine; 

Compound #24 N- (6-Cyclopropylaminopurin-9-yl) -5- 
pentanol ; 

Compound #25 N- ( 6-cyclopropylaminopurin-9-yl ) -7- 

pentyloxycarbonyl-D-arginine ; 
Compound #26 N- ( 6-cyclopropylaminopurin-9-yl ) -7- 

pentyloxycarbonyl-L-arginine ; 
Compound #27 N- { 6-Azetidinepurin-9-yl) -5-pentanol; 
Compound #28 N- ( 6-Azetidinepurin-9-yl) -7- 

pentyloxycarbonyl-D-arginine ; 
Compound #29 N- ( 6-Azetidinepurin-9-yl) -7- 

pentyloxycarbonyl-L-arginine ; 
Compound #30 trans- (N-6-chloropurin-9-yl) -4-methyl- 

cyclohexyl -methanol ; 
Compoiind #31 trans- {N-6-dimethylaminopurin-9-yl) -4- 

methyl-cyclohexyl-methanol ; 
Compound #32 trans- {N-6-dimethylaminopurin-9-yl) -4- 

me t hy 1 - eye 1 ohexy 1 -me thy 1 oxy c arbony 1 - D - ar ginine ; 
Coinpound #33 trans- {N-6-hydroxypurin-9-yl) -4- 
methyl-cyclohexyl-methanol ; 
Compound #34 trans- (N-6-methoxypurin-9-yl) -4- 

methyl-cyclohexyl-methanol ; 
Compound #35 cis- (N-6-dimethylaminopurin-9-yl) -4- 

methyl-cyclohexyl-methanol ; 
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Cornpound #36 cis- (N-6-diinethylaminopurin-9-yi) -4- 
me thy 1 - eye 1 ohexy 1 -me t hy 1 oxy c arbony 1 - D - ar ginine ; 

Corrqpoiind #37 N- (6-dimethylaminopurin-9-yl) 7- 
pentoxycarbonyl-D-ci trulline ; 
5 Cottpound #38 N- (6-methylaziridinepurin-9-yl) -5- 

pentanol ; 

Conpound #39 racemic N- (6-methylaziridine purine-9- . 

yl ) -7 -pentyloxycarbonyl-D-arginine ; 
Coirpoiand #40 N,N- ( 6"Dimethylaininopurinyl-9-yl) -7- 
10 thioethoxy-ethoxycarbonyl-D-arginine ; 

Compound #41 Meta- {N-6-dimethylaininopurinyl-9-yl) 

methyl-benzyloxycarbonyl-D-arginine; 
Compound #42 5- (N-6-Dimethylaminopurinyl-9-yl) -3- 

pentynyl-l-oxycarbonylD-arginine ; 
15 Compound #43 Racemic N- [6- (l-methyl-2-acetoxy) - 

ethylaminopurin-9-yl] -5-pentanol; 
Coirpound #44 Racemic N- [6- {l-methyl-2-acetoxy) , 

e thy 1 aminopur in- 9 -y 1 ] - 7 -pen ty loxy- c arbony 1 -D- 

arginine ; 

20 Compoimd #45 N- (2, 6-Dichloropurin-9-yl) -5-pentanol; 

Compound #46 N- (2, 6-Dichloropurin-9-yl) -7- 

pentyloxycarbonyl-D-arginine ; 
Conpound #47 N- (2, 6-Dichloropurin-9-yl) -7- 
pentyloxycarbonyl-L-arginine ; 
25 Conpound #48 N-(2-Amino, 6-N, N-Dimethylaminopurin- 

9-yl ) -5-pentanol ; 
Conpound #49 N- (6-dimethylamino-8-methylthiopurin- 

9 -y 1 ) 5 -pent anol ; 
Conpound #50 N- |6-dimethylamino-8-methylthiopurin- 
30 9-yl) 7-pentoxycarbonyl-D-arginine; 

Conpoxind #51 N- (6-methoxypurin-9-yl) 5-pentanol; 
Compound #52 N- (6-methoxypurin-9-yl) 7- 
pentoxycarbonyl-D- arginine ; 
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Compound #53 n- (2-chloro-6-methoxypurin-9-yl) -7- 

pentyloxycarbonyl-D-arginine ; 
Compound #54 N- (6-dimethylaminopurin-9-yl) 7- 

pentoxycarbonyl-D-omi thine ; 
Compound #55 N- {6-dimethylaminopurin-9-yl) 7- 

pentoxycarbonyl-L-omi thine ; 
Compound #56 N- (6-dimethylaminopurin-9-yl) 7- 

pentoxycarbonyl-L-valine ; 
Compound #57 N- (6-dimethylamino-9-yl) 7- 

pentoxycarbonyl-D- valine ; 
Compound #58 N(N,N-dimethylaminopurin-9-yl) -7- 

pentyloxycarbonylethylamine hydrochloride ; 
Compound #59 N- ( 6-Mercaptopurin-9-yl ) -pentanol ; 
Compound #60 N- ( 6 , -N-Methylthiopurin-9-yl) - 

pentanol; 

Compound #61 N- (6-chloropurin-9-yl) 4-butanol; 
Compound #62 N- (6-dimethylaminopurin-9-yl) 4- 
butanol; 

Compound #63 N- { 6-dimethylaminopurin-9-yl) -6- 

butoxycarbonyl-D-arginine ; 
Compoxind #64 N- (6-dimethylaminopurin-9-yl) -6- 

butoxycarbonyl-L-arginine ; 
Compound #65 N- (6-chloropurin-9-yl) -6-hexanol; 
Compound #66 N- { 6-N,N-dimethylaminopurin-9-yl) -6- 

hexanol ; 

Compound #67 N- ( 6-N,N-dimethylaminopurin-9-yl ) -8- 

hexyloxycarbonyl-D-arginine ; 
Compound #68 N(6-N,N-dimethylaminopurine-9-yl) -8- 

hexyloxycarbonyl-L-arginine ; 
Compound #69 cis- {N-6-hydroxypurin-9-yl) -4-methyl 

eye lohexyl -methanol ; 
Compound #70 cis- (N-6"hydroxypurin-9-yl) -4-methyl 

cyclohexyl-methyloxycarbonyl-D-arginine; 
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Goitpound #71 trans- (N-6-hydroxypurin-9-yl) -4- 
^lethyl-cyclohexyl-methyloxycarbonyl-D-arginine ; 

Compound #72 N-(6-N,N diniethylaminopurin-9-yl) -5- 
pentylamine hydrochloride salt; 

Cortpoiind #73 N- ( 6-niethylaziridinepurin-9-yl) -7- 
pentyloxycarbonyl-L-arginine ; 

Coirpound #74 (2S, 4S) -2- (N,N-Dimethylaminopurin-9- 
yl) -4-hydroxyinethyl"l, 3-dioxolane; 

Conpoijnd #75 (1S,3R) and (1R,3S) -1- (N-6- 

Dimethylaminopurin-9-yl ) methyl-3-cyclopentane 
methanol; 

Conpound #76 (1S,3R) and (IR, 3S) -1- (N-6- 

Dimethylaminopurin-9-yl ) methyl-3 - (methyloxycarbonyl- 

D-arginine ) cyclopentane ; 
Confound #77 N,N- (6-Dimethylaminopurin-9-yl) -7- 

ethylaminoethanol ; 
Coirpound #78 N,N- (6-Dimethylaminopurin-9-yl) -7- 

ethylaminoethoxycarbonyl-D-arginine; 
Conpound #79 N,N- {6-Dimethylaminopurin-9-yl) -7- 

ethylaminoethoxycarbonyl-L-arginine; 
Conpound #80 5- {N-6-Dimethylaminopurin-9"yl) -3- 

pentyn-l-ol; 

^Conpoxind #81 5- (N-6-Dijnethylaminopurin-9-yl) -3- 
pentynyl-l-oxycarbonyl-L-arginine ; 

Coitpound #82 N,N- (6-Dimethylaminopurin-9-yl) -7- 
thioethoxy-ethanol ; 

Compound #83 N,N- (6-Dimethylaminopurin-9-yl) -7- 
t hi o e t hoxy- e t hoxy c ar bony 1 - L - ar g in ine ; 

Compound #84 (2S,4S)and {2R, 4R) -2- |N,N- 
Dimethylaminopurin-9-yl) -4- (methoxycarbonyl-D- 
arginine ) -1 / 3 -oxathiolane ; 

Conpound #85 N,N- (S-Dimethylaminopurin-g-yl) -7- 
ethoxy-ethoxyethanol ; 
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Compound #86 N,N- (6-Dimethylaminopurin-9-yl) -7- 

ethoxy-ethoxycarbonyl-D-arginine ; 
Compound #87 N,N- (6-Dimethylaminopurin-9-yl) -7- 
ethoxy-ethoxycarbonyl-L-arginine ; and 
5 Coit¥>ound #88 N- {6-Dimethylainino-8-bromopurin-9-yl) - 

5-pentanol, 



10 



15 



20 



25 



30 



More preferably, the coitpound of the present invention is 

selected from: 

Coitpound #111 N- ( 6-Chloropurin-9-yl) -5-pentanol 
Compound #V N- (6-N,N-Dimethylaminopurin-9-yl) - 

pentanol 

Compound #1 N,N-Dimethylaminopurinyl 

Pentoxycarbonyl D-Arginine 
Compound #2 N,N-Dimethylaminopurinyl 

Pentoxycarbonyl L-Arginine 
Compound #3 N-Monomethylaminopurinyl 

Pentoxycarbonyl D-Arginine 
Compoiand #3 a 

pentanol 



Coitpoxand #5 

Arginine 
Compound #5a 
Conpound #6 

Arginine 
Compound #7 

Arginine 
Confound #7a 
Compound #8 

Arginine ; 
Compound #11 

Arginine ; 
Compound #19 



N- { 6-N-Methyl-Aminopurin-9-yl ) - 
Aminopurinyl Pentoxycarbonyl D- 



N- ( 6-Aminoptirin-9-yl ) 5-Pentanol 
Aminopurinyl . Pentoxycarbonyl L- 

Hydrazinopurinyl Pentoxycarbonyl D- 

N- (6-Hydrazinopurin-9-yl) 5-Pentanol 
Hydrazinopurinyl Pentoxycarbonyl L- 

Hydroxypurinyl Pentoxycarbonyl D- 

N- 9 -pur iny 1 - 5 -pen t ano 1 ; 
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Compound #20 
arginine ; 



N-9 -purinyl-7 -pentyloxycarbonyl-D- 



5 



Coinpound #51 
Coinpo\ind #59 
Conpoiind #60 



N- ( 6-methoxypurin-9-yl ) 5-pentanol ; 
N- ( 6-Mercaptopurin-9-yl ) -pentanol ; and 
N- { 6 , -N-Methylthiopurin-9-yl ) - 



pentanol . 



Most preferably, the coicrpoimd of the present invention is 
N, N- ( 6-dimethylaminopurin-9-yl ) -7 -pentoxycarbonyl-D- 

10 ctrginine . 

The following abbreviations and definitions are used 
herein: 

PHA - phytohemagglutinin 
15 ConA - concanavalin A 

CY - cyclophosphamide 

PWM - pokeweed mitogen 

LPS - lipopolysaccharide 

DEAD - diethylazodicarboxylate 
20 PBS - phosphate buffered saline 

TBDPSCl - tert-butyldiphenylsilyl chloride 

CTX - Cytoxan 

The term ''conservative siibstitution" as employed herein 
25 refers to modifications and substitutions of amino acids 
which are conservative ones, i.e. those having a minimal 
influence on the secondary structure and hydropathic 
nature of the amino acid or peptide. These include 
sxibstitutions such as those described by Dayhof f in the 
30 Atlas of Protein Sequence and Structure 5, 1978, and by 
Argos in EMBO J., 8, 779-785, 1989. For example, amino 
acids belonging to the following groups represent 
conservative changes: ala, pro, gly, glu, asp, gin, asn, 
ser, thr; cys, ser, tyr, thr; val, ile, leu, met, ala. 
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phe; lys, arg, his; and phe, tyr, trp, his. The preferred 
substitutions also include substitutions of D-isomers for 
the corresponding L- amino acids . 

5 It has been surprisingly discovered that contrary to the 
well-established prior art, hypoxanthine or other 
naturally occurring purine bases such as adenine or 
guanine need not be used in the design of an 
immunostimulant of the type similar to ST 789. In fact 
10 replacement of hypoxanthine with a 6-substituted purine 
base that does not occur in biological systems can provide 
an equal or even greater degree of immxinostimulation. 
Further, it has been surprisingly discovered that the 
amino acid need not be of the (natural) L-conf iguration. 

15 

It will be recognized that the designation of a naturally 
occurring amino acid does not preclude the use of racemic 
mixtures or D-enantiomers and in one aspect of the 
invention, it is especially preferred to use amino acids 
20 in the D-conf iguration. 

It has surprisingly been discovered that the compounds of 
the invention possess in vitro and in vivo activity to 
increase the number of cytotoxic T lymphocytes in the 
25 mammal being treated. 

It has further been discovered that the compounds of the 
present invention are surprisingly active against tumor 
growth. The compounds of this invention represents a non- 
30 toxic substitute to levamisole in the treatment of 
malignant melanoma. 

When tested in mice against a control group, the compounds 
of the present invention significantly inhibit tiomor 
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growth when used in combination with cyclophosphamide or 
5-f luorouracil, particularly against mammary and colon 
carcinoma respectively. 

5 The compounds of the present invention may be prepared by 
the use of synthetic methods well known in the art. Thus, 
for exaitple, it is possible to follow the synthetic 
procedure described by R. Stradi et al. in II Farmaco, 45, 
39-47, 1990, with the provision that the chlorine atom 

10 from the chloropurine intermediate must be displaced by an 
appropriate substituent other than hydroxyl. However, it 
is preferred to carry out a modification of this synthetic 
procedure, as outlined in the following examples, wherein 
the purine ring is already constructed by use of 6- 

15 chloropurine as a starting material. This avoids the need 
to build the purine ring and thereby provides a more 
efficient and higher yield preparation of the desired 
immunostimulant. This preferred synthetic pathway is 
outlined in Scheme 1. 

20 

In Scheme 1, R4' which is (CHo-2)i-8-0-CO-x" as defined 
above, is reacted with a protecting group in the presence 
of a base such as NaH/THF to produce compoxind V. L 
represents a leaving group well known to those skilled in 
25 the art. Any suitable leaving group can be used. Pg is a 
protecting group well known in the art. Any suitable 
protecting group can be used. 
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DEAD 
PPhj/THF 




I {C,H,)^NF/THF 
I AcOH 




II R/— OH 

ClCOCl/THF 
amino acid / HjO 




Corrpoimd V is coupled with compomd IV, for example, in 
5 the presence of DEAD and PPhs/THF to yield compo\ind III. 
Compound IV can be prepared using known techniques in the 
art. As well, Ri can be added before this step or at a 
later step using techniques well known in the art. 
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Conpound III is deprotected by using methodology well 
known to those skilled in the art, for exair^le, with 
(C4H9)4NF/THF and AcOH for a OTBDPS protecting group, to 
yield corrpound II, This coir?>ound is further optionally 
5 reacted with an amino acid or a peptide group of 1-8 amino 
acids in length, for exanple, in the presence of 
ClCOCl/THF and H2O. The resultant compound is a corrpound of 
formula I- 

10 Those skilled in the art will appreciate that compounds of 
formula 1 wherein R4 is not an amino acid or peptide chain 
can be synthesized by utilizing steps 1 to 3 without the 
addition step 4. 

15 It will be appreciated by those skilled in the art that 
the compounds of the present invention include all 
pharmaceutically acceptable derivatives and analogues 
thereof, as well as all isomers ^d enantiomers. 

20 Another aspect of the invention is the use of the 

compounds of formula I or pharmaceutical preparations for 
the manufacture of a medicament. 

Another aspect of the invention is the method of treatment 
25 of a mammal, preferably a human, comprising the step of 
administering a compoiand of formula I, a pharmaceutical 
coirposition, or a pharmaceutically acceptable derivative 
thereof for the treatment of immune deficiency or control 
of tumor growth. 

30 

It will be appreciated by those skilled in the art that 
the reference herein to treatment extends to prophylaxis 
as well as treatment of established infections or symptoms 
and therefore includes- control of tumor outgrowth. 
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It will be further appreciated that the amoiint of a 
compoxind of the invention required for use in treatment 
will vary not only with the particular compound selected 
5 but also with the route of administration, the nature of 
the condition being treated and the age and condition of 
the patient and will be ultimately at the discretion of 
the attendant physician or veterinarian. 

10 In general, however, a suitable dose will be in the range 
from about 0.1 to about 250 mg/kg of body weight per day. 
Preferably, doses will range from about 1 to about 100 
mg/kg/day. More preferably between about 2 to about 20 
mg/kg. Most preferably about 2.5 mg/kg. Still, most 

15 preferably about 450 mg/m^. 

The desired dose may conveniently be presented in a single 
dose or as divided doses administered at appropriate 
intervals, for exaitple as two, three, four or more s\ib- 
20 doses per day. 

The compound is conveniently administered in unit dosage 
form; for example containing 10 to 1500 mg, conveniently 
20 to 1000 mg, most conveniently 50 to 700 mg of active 
25 ingredient per unit dosage form. 

Ideally the active ingredient should be administered to 
achieve peak plasma concentrations of the active compound.- 
This may be achieved, for exaitple, by the intravenous 
30 injection of a solution of the active ingredient, 
optionally in saline, or administered as a bolus. 
Desirable blood levels may be maintained by a continuous 
infusion or by intermittent infusions. 
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While it is possible that, for use in therapy, a conpoiind 
of the invention may be administered as the raw chemical, 
it is preferable to present the active ingredient as a 
pharmaceutical formulation. 

5 

The invention thus further provides a pharmaceutical 
formulation comprising a coirpoxind of formula (I) or a 
pharmaceutically acceptable derivative thereof together 
with one or more pharmaceutically acceptable carriers 
10 thereof and, optionally, other therapeutic ingredients. 
The carrier (s) must be acceptable" in the sense of being 
compatible with the other ingredients of the formulation 
and not deleterious to the recipient thereof. 

15 Pharmaceutical formulations include those suitable for 
topical, oral, rectal, nasal, or parenteral (including- 
intramuscular, sub-cutaneous and intravenous) 
administration or in a form suitable for administration by 
inhalation or insufflation. The formulations may, where 

20 appropriate, be conveniently presented in discrete dosage 
units and may be prepared by any of the methods well known 
in the art of pharmacy. All methods include the step of 
bringing into association the active compoxmd with lic[uid 
carriers or finely divided solid . carriers or both and 

25 then, if necessary, shaping the product into the desired 
formulation. 

For topical administration to the epidermis, the coit?)ounds 
according to the invention may be formulated as ointments, 

30 creams or lotions, or as a transdermal patch. Such 

transdermal patches may contain penetration enhancers such 
as linalool, carvacrol, thymol, citral, menthol and t- 
anethole. Ointments and creams may, for exairple, be 
formulated with an aqueous or oily base with the addition 

35 of suitable thickening and/or gelling agents . Lotions may 

25 
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be formulated with an aqueous or oily base and will in 
general also contain one or more emulsifying agents, 
stabilizing agents, dispersing agents, suspending agents, 
thickening agents, or colouring agents. 

5 

Pharmaceutical formulations suitable for oral 
administration may conveniently be presented as discrete 
units such as capsules, cachets, or tablets. Each 
pressurized packs may comprise a suitable propellant such 
10 as dichlorodif luoromethane, trichlorof luoromethane, 
dichlorotetraf luoroethane, carbon dioxide, cr other 
suitable gas. In the case of a pressurized aerosol, the 
dosage \mit may be determined by providing a valve to 
deliver a metered amoxint. 

15 

Alternatively, for administration by inhalation or 
insufflation, the compounds according to the invention may 
take the form of a dry powder composition, for exanple a 
powder mix of the compound and a suitable powder base such 
20 as lactose or starch. The powder composition may be 

presented in unit dosage form in, for exaitple, capsules or 
cartridges or, e.g., gelatin or blister packs from which 
the powder may be administered with the aid of an 
inhalator or insufflator. 

When desired, the above described formulations adapted to 
give sustained release of the active ingredient may be 
employed. 

The compounds of the invention may also be used in 
combination with other therapeutic agents, for example, 
other immuomodulators or tumor control agents. 

The invention thus provides, in a further aspect, a 
combination comprising a compound of formula (I) or a 

26 
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physiologically acceptable derivative thereof together 
with another therapeutically active agent. 

Such therapeutically active agents include cytotoxic 
5 agents used to treat tumors. Such cytotoxic agents include 
cyclophosphamide, or 5-f luorouracil (5-FU) , 

Preferably, cyclophosphamide doses used in the treatment 



2 

of timers range from about 10 to 1000 mg/m . 
10 Morepreferably, from about 100 to about 500 mg/m^. Most 
preferably, about 350 mg/m^/day. 

Also preferably / 5-f luorouracil doses used in the 
treatment of txomors ranges from about 0.1 to about 250 
15 mg/kg. Preferably, between about 1 to about 50 mg/kg. More 
preferably, between about 5 to about 20 mg/kg. Most 
preferably, at about 12 mg/kg (500 mg/m^) , 

As will be recognized by people skilled in the art of 
20 cancer therapy, such doses will vary with the type of 
malignancy being treated, the stage of the disease, the 
responsiveness of the tumor, etc.. 

The combinations referred to above may conveniently be 
25 presented for use in the form of a pharmaceutical 

composition and thus pharmaceutical conposition comprising 
a combination as defined above together with a 
pharmaceutically acceptable carrier thereof coitprise a 
further aspect of the invention. 



30 



The individual components of such combinations may be 
administered either sequentially or simultaneously in 
separate or combined pharmaceutical formulations. 
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When the coirpound of formula (I) or a phannaceutically 
acceptable derivative thereof is used in combination with 
a second therapeutic agent, the dose of each coirpound may 
be either the same or differ from that when the compound 
5 is used alone. Appropriate doses will be readily 
appreciated. by those skilled in the art. 

In a further embodiment of the invention, there is 
provided a method of treatment of immune deficiencies or 
10 for the control of tumor growth comprising the step of 
administering a pharmaceutic ally acceptable amount of a 
compound of the invention. 

Preferably, such tumors include malignant melanoma, 
15 mammary and colon carcinoma. 

More preferably, there is provided a method for the 
treatment of mammary carcinoma comprising the step of 
administering a pharmaceutically acceptable amount of a 
20 compound of the invention, in combination with 
cyclophosphamide , 

Most preferably, there is provided a method for the 
treatment of colon carcinoma comprising the step of 
25 administering a pharmaceutically acceptable amount of a 
compound of the invention, in combination with 5- 
fluorouracil. 

The invention will be further described by the following 
30 exairples which are not intended to limit the invention in 
any way. All temperatures are in degrees Celsius. 
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EXAMPIiES 

The compounds of formula I were synthesized and tested for 
iimmino logical activity using the procedures outlined below . 



5 Example la Synthesis of N,N-Dimethylaminopurinyl 
Pentoxycarbonyl D-Arginine - 
Coxnpouxid #1 

ci 



71 N 



^CTTBDPS 



TBOPSCl 
NoH/TMF 



H0(CH3)^0U 




OTBDPS 



(C^H,)^NF/THF 
AcOH 



N<=^^N N 

W 



III 



ClCOCl /Toluene 
D-Arginine/ H^O 
HN(CH3),, HjO 



> N 




N N 



^NH ^CCX)H 



Y 



Conpound #1 




NH 



NH NH, 
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Step 1: 

a) Synthesis of protected 1,5 - pentanediol 

4.0 g. , 36.3 mmole of pentanediol was dissolved in 75 
5 ml dry tetrahydrofuran and stirred under argon flow. 

Sodium hydride (1.4 g., 57,8 mmole) was added and the 
suspension was stirred for 30 minutes, and then tert- 
butyldiphenylsilyl chloride (8.0 ml, 30.8 mmole) 
dissolved in 25 ml dry tetrahydrofuran was added 

10 dropwise to the diol solution. The reaction was 

stirrf»d at ambient . temperature and under argon 
overnight. The suspension was then poured onto 100 
ml ether. The etheral suspension was washed with 10% 
potassium carbonate (100 ml) , brine (100ml) and dried 

15 with magnesi\am sulfate. Removal of the solvent in 

vacuo gave 10.3 g., 30.1 mmole of product in 98% 
yield which was used without further purif ication. 

b) Coupling of Compound I with 6-chloropurine 

20 

To a stirred solution of triphenylphosphine (4.7 g,, 
17,9 mmole), and 6-chloropurine (2.3g,, 15.1 mmole) 
in 100 ml dry tetrahydrofuran, under argon flow, was 
added diethylazodicarboxylate (DEAD, 2.8 ml, 17.9 

25 mmole). After 10 minutes, compound I (4.7 g,, 13.7 

mmole) dissolved in 20 ml' dry tetrahydrofuran was 
added dropwise to the reaction, which was then 
stirred at ambient temperature and under argon 
overnight. The solvent was removed in vacuo, and the 

30 crude product was purified by flash silica gel 

chromatography using 30% ethyl acetate-hexane as 
eluent (R = 0.30). The product, compound II, 3,7 g., 
7.6 mmole, was obtained in 55% yield as a colorless 
oil. 
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Step 2: Removal of silyl protecting group 

2.3g, 4.4 mmole of compound II was dissolved in 40 ml 
dry tetrahydrofuran and stirred under argon flow. 
Tetrabutylammonium fluoride (5.3 ml, 5.1 mmole) was 
added and the reaction was stirred at ambient 
temperature and under argon overnight. To the solution 
was added glacial acetic acid (90.31 ml, 5.3 mmole) and 
the solvent was removed in vacuo. The crude product 
was purified by flash silica gel chromatography using 
10% methanol -ethyl acetate as eluent (Rf = 0.20). The 
product was taken up in minimal methylene chloride and 
filtered through celite to remove silica. The solvent 
was removed in vacuo, and the product dried, giving 
compound III, 1-0 g. 4.2 mmole, in 95% yield. 

Step 3: Coupling of compound III with D-arginine 

l.Og., 4.2 mmole of 6-chloropurinyl pentanol, coirpound 

20 III / was dissolved in 75 ml dry tetxahydrofuran and 

stirred under argon flow. Toluenic phosgene (4.4 ml,, 
8.3 mmole) was added and the reaction was monitored by 
TLC (developed in methanol) and continued until the 
intermediate chlorof ormate was the predominant product 

25 (6-10 hours) . The solvent was removed in vacuo, and 

the residue was taken up in '50 ml, dry tetrahydrofuran. 
D-arginine (0,94 g,, 5.4 mmole), dissolved in 5 ml. 
water, was added to the chlorof ormate suspension. 
Another 5 ml. aliquot of water was used to rinse the 

30 beaker which contained the arginine solution, and then 

added to the reaction. The reaction was stirred 
overnight at ambient temperature, and then extracted 
with toluene (60 ml.). The toluene was back extracted 
with water (60 ml.) and the combined aq[ueous portions 

35 were brought to slightly alkaline pH by the addition of 

5% sodixam bicarbonate. Water was removed in vacuo and 
the residue was dissolved in methanol (10 ml.) . After 
filtration, the methanolic solution was added dropwise 

31 
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to 500 ml vigorously stirred acetone. The precipitate 
was collected by filtration and washed several times 
with acetone. The filtrate contained unreacted III. 
The precipitate was dried, and then dissolved in water 
5 (50 ml.), to the aqueous solution was added 

dimethylamine (40% aqueous solution, 5.0 ml, 40 mmole) 
and the reaction was stirred for 3 hours at ambient 
temperature. The solvent was removed in vacuo and the 
crude product was purified by flash silica gel 

10 chromatography, using methanol as eluent (Rf = 0.25). 

The combined product fractions were reduced in volume 
(approximately 5 ml) and stored at 4°C for 2 hours. The 
solution was'centrifuged for 10 minutes (375 x g) to 
remove silica, and the supernatant was added dropwise 

15 to 500 ml vigorously stirred ether. The precipitate 

was collected by filtration and dried to give N,N- 
dimethylaminopurinyl pentoxycarbonyl D-arginine, 
compound #1, 0.79 g., 1.8 mmole in 43% yield, 
mp (softens 119**C) = 123° - 125*'C 

20 Rf silica (methanol) = 0.30 

^HNMR (DMSO - de, 300 MHz, 5 in ppm) ; 9.40 (IH, br, s, 
COOH ) ; 8.20 (IH, s, purine); 8.15 (IH, s, purine); 8.0 
- 7.3 (4H, b, guanidine); 6,33 (IH, d, NH) ; 4.13 (2H, 
t, N-CH2); 3.86 (2H,t, O-CH2); 3.63 (IH, m, (fn); 3.36 

25 (6H, s, b, N-(CH3)2); 3.02 (2H, b, C^) ; 1.8-1.2 (lOH, m, 

C^H, C^H,-(CH2)3 -) . MS (high-resolution FAB, glycerol); 
m/e, 450.25780; calculated for M+H", (C19H32O4N9) , 
450.25773. 
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Alternative Synthesis of N,N-Dimethylaminopurinyl 
Pentoxycarbonyl D-Arginine - Compoimd #1 



ci 




HNCCHjlj H3O 

(C.Hjj^KT/THF 

ACOH 

T 




ClCOCl/Toluene 
D-Arginine/ HjO 




NH NH3 
5 

Step 1: A modified synthesis of compound #1 was londertaken by 
reaction of protected 6-chloropurinyl pentanol, 
compound II (prepared as described in example la) with 
aqueous dimethyl amine, followed by deprotection to 
10 yield compound V, and coupling with D-arginine (the 

coupling reaction is as described in example la) to 
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give the product. The spectral and chromatographic 
properties were identical to the product obtained from 
the synthesis described in example la. 



15 



10 



5 



A typical example of the reaction of protected 6- 
chloropurinyl pentanol, confound II, with dimethylamine 
is as follows; to 0.13 g., 0.26 mmole of compound II 
dissolved in 20 ml tetrahydrofuran was added 
dimethylamine (40% aqueous solution, 0.5 ml, 10 :0 
mmole) . The reaction was stirred for 18 hours at 
ambient temperature, and the solvent was removed in 
vacuo, the crude product was purified by flash silica 
gel chromatography, using 50% ethyl acetate-hexane as 
eluent {Rf = 0.27). The product compound V, 0.12 g. 
0.30 mmole, was obtained in 94% yield. 



Example 2 Synthesis of N,N-Dimethylaminopurinyl Pent oxycar bony 1 



20 The L-enantiomer of compound #1, compound #2, was synthesized as 
described above in exaitple lb to give 50 mg. of product as a 
white solid. 

mp (softens 118°C) = 123° - 125**C. 

Spectral properties were identical with compound #1 . 

25 

Example 3 Synthesis of N-Monomethylaminopurinyl Pentoxycarbonyl 
D-Arginine - Compotind #3 

Compound #3 was synthesized as described above in example lb, 
30 except that dimethylamine was replaced with methylamine (40% 

agueous solution) to give 6-methylaminopurinyl pentanol compound 

#3 a. This was then coupled with D-arginine, as described in 

example la to give 32 mg. of product. 

mp (softens at 127°C) = 133°C. 
35 Rf silica (methanol) = 0.20 

^HNMR (DMSO-ds, 300 MHz, 5 in ppm) ; 



L-Arginine - Compound #2 
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9.30 (IH, b, COOH) , 8.21 (IH, s, purine); 8.13 (IH, s, purine); 
7.8-7.2 (4H, b, guanidine) ; 6.29 (IH, d, NH) ; 4.13 (2H, t, N- 
CH2) ; 3.86 {2H, t, O-CH2); 3.61- (IH, C"H) ; 3.17 (IH, m, CH3-N- 
H); 3.02 (3H, b, HN-CH3); 2.97 (2H, b, C%) ; 1.9-1.2 (lOH, m, 
5 C^H, C^H, - (CH2)3-) . 

Example 4 Synthesis of N-Monomethylaminopurinyl Pentoxycarbonyl 
L-Arginine - Compound #4 

10 The L-enantiomer of compound #3 and compound #4 , was 

synthesized as described above in example 3 to give 44 mg. of 

product as a white solid. 

mp (softens at 123°C) - 132° - 134°C. 

Rf silica (methanol) = 0.20. 
15 Spectral properties were identical with con^jound #3. 

Example 5 Synthesis of Aminopurinyl Pentoxycarbonyl D-Arginine 
- ComiK3U2id #5 

20 Compound #5 was synthesized as described above in example lb 

except that protected 6-chloropurinyl pentanol, coropoiind II, was 
reacted with ammonia gas instead of dimethylamine. The 6- 
aminopurinyl (adenine) product was thus deprotected to give the 
alcohol cortqpound #5a. This was then coupled with D-arginine to 

25 give 260 mg. of product as a white solid. A typical example of 
the reaction of con^jound II with ammonia is as follows; 0.42g, 
0.88 mmole of compound II was dissolved in 75 ml absolute 
ethanol, and the solution was placed on an ice bath. Ammonia 
gas was bubbled through the chilled solution for 10 minutes, and 

30 the saturated solution was transferred to a bomb (150 ml 

cylinder) . Ammonia gas was bubbled through the solution for 
another minute, the bomb sealed, and the bomb was heated 
overnight in a 120**C oil bath. Solvent was removed in vacuo, 
yielding 0.40 g, , 0.88 mmole of product in 95% yield. This 

35 product was used without f;irther purification. 
Characteristics of confound #5; 
(softens 143°C) - ISO^C. 
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Rf silica (methanol) = 0.20 

^HNMR (DMSO-dfi, 300 MHz, 5 in ppm) ; 9.40 (IH, b, COOH) ; 8.14 
(IH, s, purine); 8.13 (IH, s, purine); 8.0 - 7.0 (6H, m, 
guanidine^-NHj); 6.36 (IH, b, NH) ; 4.13 (2H, t, N-CHj) ; 3.87 
5 (2H, O-CH2); 3,65 (IH, m, C°H) ; 3.03 (2H, b, C^) ; 1.9-1.2 
(lOH, m, C'^H, C^H, - {CH2)3-) • 

Example 6 Synthesis of Aminopurinyl Pentoxycarbonyl L-Arginine 
- Compound #6 

10 

The L-enantiomer of compound #5, compound was synthesized as 
described above in example 5 to give 93 mg of product as a white 
solid. 

mp (softens at 143°C = 153*^ - 155^C. 
15 Rf silica (methanol) = 0.22 

Spectral properties were identical with compo\ind #5. 

Example 7 Synthesis of Hydrazinopurinyl Pentoxycarbonyl D- 
Arginine - CompoTmd #7 

20 

Coirpound #7 was synthesized as described above in example la, 
except that dimethylamine was replaced with hydrazine from the 
corresponding alcohol conpound #7a . Thus, in a typical 
example, 50 mg, 0.11 mmole of 6-chloropurinyl pentoxycarbonyl D- 

25 arginine, dissolved in 5 ml 95% ethanol, was reacted with 
hydrazine hydrate (12 0.40 mmole) at ambient teitperature 
overnight. The reaction was then slowly cooled to 0°C for 3 
hours, and the resulting crystals were collected by filtration, 
and washed with cold ethanol. The white solid product, 32 mg., 

30 0.07 mmole, was obtained in 65% yield, 
mp (softens 130°C) = 134^C 
Rf silica (methanol) = 0.27 

^HNMR (DMSO-dfi, .300 MHz, 5 in ppm) ; 9.20 (IH, b, COOH); 8.23 
(IH, s, purine); 8.14 (IH, s, purine); 7.4 (3H, b, guanidine) ; 
35 6.6 {2H, b, NH2); 6.43 (IH, d, NH) ; 4.14 (2H, t, N-CHj); 3.87 
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(2H, t, O-CH2); 3.64 (IH, m, C"H) ; 3.04 (2H, b, C^) ; 1.8-1.3 
(lOH, m, C% C% - (CH2)3-) . 

Example 8 Synthesis of Hydrazinopurinyl Pentoxycarbonyl L- 
5 Arginine - CoopoTand #8 

The L-enantiomer of coinpound #7, compound #8, was synthesized as 
described in exanple 7 to give 40 mg of product as a white 
solid. 

10 mp (softens at 130°C = 134°C. 
::f silica (methanol) = 0.27 

Spectral properties were identical with coinpound #7. 

Example 9 Synthesis of Chloropurinyl Pentoxycarbonyl D-Arginine 
15 - Compound #9 

Compound #9 was synthesized by the coupling reaction of 6- 
chloropurinyl pentanol, compound III , with D-arginine, as 
described in exanple la (with omission of the addition of 
20 dimethylamine after the coupling reaction) , This gave 622 mg of 
product as a white solid. 
rr5) (softens 137°C) = 145° - 148"C, 
Rf silica (methanol) = 0,35 

^HNMR (DMSO-d€, 300 MHz, 5 in ppm) ; 9.15 (IH, b, COOH) ; 8.78 
25 (IH, s, purine); 8.74 (IH, s, purine); 7.8-7.2 (4H, b, 

guanidine); 6.33 (IH, d, NH) ; 4.29 (2H, t, N-CH^) ; 3.88 (2H, t, 
O-CH2); 3.64 (IH, m, C"H); 3.04 (2H, b, C^) ; 1.95-1.20 (lOH, m, 
tfH, C^H, - (CH2)3-). 

30 Example 10 Synthesis of Chloropurinyl Pentoxycarbonyl L- 
Arginine - Compouiid #10 

The L-enantiomer of conpound #9, compound #10, was synthesized 
as described above in example 9 to give 65 mg of product as a 
35 white solid. 

mp (softens at 137**C) = 143-146°C. 
Rf silica (methanol) =0.26 
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Spectral properties were identical with compound #9. 



Example 11 Synthesis of Hydroxypurinyl Pentoxycarbonyl D- 
Arginine - Compound #11 

5 

Compound #11 was synthesized as described in Gxair5)le 9 above 
except that the 6-chloropurinyl pentanol intermediate, compound 
III, was first subjected to base catalyzed hydrolysis to yield 
6 -hydroxypurinyl (hypoxanthine) pentanol compound #lla prior to 

10 coupling with D-arginine. Thus, in a typical example, 398 mg, 
1.7 mmole of compound III was dissolved in 25 ml of water. 
Sodium hydroxide (1.0 m, 3.4 ml) was added, and the reaction was 
refluxed for 90 minutes. Upon cooling, the reaction was 
acidified (5% hydrochloric acid), the solvent removed in vacuo, 

15 and the crude product purified by flash silica gel 

chromatography using 30% methanol-ethyl acetate as eluent (Rf = 
0,32). The product, compound #lla , 290 mg, 1.3 mmole, was 
obtained in 79% yield as a white solid. Subsequent coupling 
with D-arginine gave 148 mg of compound #11 as a white solid. 

20 mp (softens 163*^0 = 182°C. 
Rf silica (methanol) =0.22 

^HNMR (DMS0-d6, 300 MHz, 5 in ppm) ; 9.28 (IH, b, COOH) ; 8.10 
(IH, s, purine); 8.04 (IH, s, purine); 7.8-7.2 (4H, b, 
guanidine); 6.38 (IH, d, NH) ; 4,32 (IH, b, OH); 4,13 (2H, t, N- 
25 CH2); 3.87 (2H, t,0-CH2); 3,61 (IH, m, C*^) ; 3.04 (2H, b, C^) ; 
1.8-1.1 (lOH, m, C^H, C^H, - (CH2)3-) • 

Example 12 Synthesis of Mercaptopurinyl Pentoxycarbonyl D- 
Arginine - Compound #12 

30 

Compound #12 was synthesized as described in example la, except 
that dimethylamine was replaced with thiourea. Thus, in a 
typical example, 80. mg, 0.18 mmole of 6-chloropurinyl 
pentoxycarbonyl D-arginine, dissolved in 5 ml absolute ethanol 
35 was reacted with thiourea, 16 mg, 0.21 mmole, under reflux for 5 
hours. The reaction was then stored at 0°C overnight and the 
resulting crystals were filtered and washed with cold absolute 
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ethanol. The product was recrystallized from absolute ethanol 
to give a white solid, 48 mg, 0.11 mmole in 61% yield, 
mp (softens 180°C) = 200°C. 
Rf silica (methanol) =0.50 
5 ^HNMR (DMS0-d6, 300 MHz, 5 in ppm) ; 9.15 (IH, b, COOH) ; 8.29 
(IH, s, purine); 8.18 (IH, s, purine); 7.5-7.3 (4H, b, 
guanidine); 6.39 (IH, d, NH) ; 4.13 (2H, t, N-CH?) ; 3.87 (2H, t, 
O-CH2); 3.65 (IH, m, C°H); 3.04 (2H, b, C^) ; 1.90-1.23 (lOH, m, 
C^H, C^H, - (CH2)3-) . 

Example 13 Synthesis of Mercaptopurinyl Pentoxycarbonyl L- 
Arginine - Compoiind #13 

The L-enantiomer of compound #12, compound #13, was synthesized 
15 as described in example 12 to give 42 mg of product as a white 
solid. 

mp (softens at 180**C = 200**C. 
Rf silica (methanol) = 0.50 

Spectral properties were identical with compound #12 . 

20 

Example 14 Synthesis of N,N-Dimethylaminopurinyl 
Pentoxycarbonyl Glycine - Compound #14 

Compound #14 was synthesized as described above in example lb 
25 except that the coupling reaction was undertaken on smaller 

scale, with glycine, 68 mg, 0.91 mmole, instead of arginine and 
the free base of glycine was generated in situ by the addition 
of 3 equivalents of sodium carbonate (relative to the alcohol) . 
The crude product was purified by flash silica gel 
30 chromatography, using 50% methanol -ethyl acetate as eluent (Rf = 
0.35) . Silica was removed by dissolving the product in 
methylene chloride, followed by filtration. Removal of solvent 
in vacuo gave 30 mg of product as a white solid, 
mp (softens lOO^C) = 126°C. 
35 Rf silica (1:1 methanol-ethyl acetate) = 0.3 5 

^HNMR (DMS0-d6, 300 MHz, 5 in ppm); 8.20 (s, IH, purine); 8.16 
(s, IH, purine); 6.05 (IH, t, NH) ; 4,14 (2H, t, N-CHj) ; 3.86 
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(2H, t, O-CH2); 3.33 (6H, s, b, N-fCHj):); 3.18 (2H, d, C^^Hj) ; 
1.80 (2H, m, CH2); 1.55 (2H, m, CH2) ; 1.26 (2H, m, CHj); 

Example 15 N,N- (6-Dimethylaminopurin-9-yl) -7 ' -ethoxy- 
5 ethoxycarbonyl-D-arginine - Compound #15 

Step 1: N,N- (6-Dimethylaminopurin-9-yl) -5-ethoxyethoxy-t- 
bu ty 1 dipheny 1 s i 1 ane 

10 To a solution of alcohol (0.201 g, 1 eq) in anh. THF 

(2.9 ml), at room temperature, under argon, were added 
successively 6-chloropurine (90 mg, 0.58 mmol) , PhaP 
(0.199 g, 1.3 eg) and DEAD (0.12 ml, 1.3 eq) . The 
yellow solution was stirred at room temperature for 15 
15 hours. The THF was evaporated and the residue was 

chroma tographed (6:4, Hexanes/EtOAc) to give a mixture 
of (Et02CNH)2 and the coupled purine. To a solution of 
this mixture in THF (6 ml), at room temperature, was 
added 40% Me2NH/H20 (0.70 ml, 10 eq) . The solution was 
20 stirred at room temperature for 45 minutes and was then 

poured in sat. aq. NaHC03/CH2Cl2. The phases were 
separated and the aqueous phase was extracted with 
CH2Cl2(2x). The combined organic extracts were dried 
over MgS04, the solids filtered and the solvents 
evaporated. The residue was purified by flash 
chromatography (silica gel, 2:8 Hex/AcOEt) to give 0.16 
g (55%) of the coupled dimethyl amino purine. 

Step 2: N,N- (6-Dimethylaminopurin-9-yl) -5-ethoxyethanol - 
compound #85 

To a solution of the silane (0.16 g, 0.32 mmol) in anh. 
THF (3.2 ml ) , at room temperature , under argon , was 
added nBU4NF 1.0 M/THF (0.32 ml, 1.1 eq) . The solution 
was stirred at room temperature for 3 hours and the 
solvent was evaporated in vacuo. The residue was 
immediately purified by flash chromatography (silica 
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gel, 4:1 AcOEt/MeOH) to give 72 mg (89%) of the alcohol 
compound #85 as a clear oil. 

'HJSIMR (CDCI3) : 5 8.29 (s, IH, purine), 7.80 (s, IH, 
purine), 4.33 (t, 2H, CHj) , 3.82 (t, 2H, CH2) , 3.68 (t, 
2H, CH2), 3.55 (t, 2H, CHj), 3.50 (m, 6H, N(CH3)2). 

N,N- (6-Dimethylaininopurin-9-yl) -7-ethoxyethoxycarbonyl- 
D-arginine - Ccmpound #15 

To a solution of the alcohol, coir^jound #85 (72 mg, 0.29 
mmol) in anh. THF (4.8 ml), at room temperature, under 
argon, was added COCla/Toluene 1.93 M (0.30 ml, 2 eq) 
and the solution was stirred at room teit^^erature for 5 
hours. The THF was evaporated in vacuo and the residue 
was redissolved in THF (3.6 ml). To this solution was 
added a solution of D-arginine in water (65 mg, 1.3 
eq/0.5 ml H2O) . The flask containing the D-arginine 
solution was rinsed with 0.5 ml H2O and the reaction 
mixture was stirred at room temperature for 15 hours. 
It was then extracted with toluene and the toluene 
phase was back-extracted with H2O. The combined aqueous 
layers were brought to pH 7.5-8.0 (NaHCOj 5%) and the 
water was evaporated. The residue was purified by flash 
chromatography (silica gel, 100% MeOH) . The fractions 
containing the compound were evaporated cind the residue 
was dissolved in a minimiom quantity of MeOH. Et20 was 
then added and the solvents were decanted to give a 
white gum that was dried under high vacuum. The 
compound was obtained as a white solid (42 mg, 33%). 

^H NMR (DMSO-dfi) : 5 8.25 (s, IH, purine), 8.14 (s, IH, 
purine), 6.5 (bd, IH, NH) , 4.37 (t, 2H, CHj linker), 
4.03 (m, 2H, CH2 linker), 3,81 (m, 2H, CH2 linker), 3.72 
(m, IH, C"H), 3.60 (m, 2H, CHj linker), 3.55-3.89 (m. 
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6H, N(CH3)2). 3.05 (m, 2H, C%) , 1.78-1.39 (m, 4H, C%, 



Example 16 (2S, 4S) -2- (N,N-dimethylaminopurin-9-yl) -4- 
5 (methyloxycarbonyl-D-arginine) -1,3-dioxolane - 

Compound #16 
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To a solution of (4s) -2 , 2-dimethyl-l, 3-dioxolane-4- 
methanol {Ig, 7.57 mmols) in anh. CH2CI2 (76ml) , at 
room temperature, under argon, were added 
successively imidazole (1.03g., 2eq) and t-BuPhjSiCl 
5 (1.95 ml, 1.1 eq) . A white precipate formed 

immediately* This suspension was stirred at room 
teit^jerature for 1 hour and then poured in sat. aq. 
NaHCOs. The phases were separated and the aqueous 
layer was extracted with CH2CI2 (2x) . The combined 
10 organic extracts were dried over MgS04,.the solids 

were filtered and the solvents evaported to give 2.80 
g (100%) of the silane as a clear oil. 

( 2 S ) - 3 - 1 -Buty Idiphenyl s i ly Ip ropane tr i 0 1 

To a solution of the silane (1.01 g, 2.73 mmols) in a 
4:1 mixture of THF/HjO (15 ml), at room tenperature, 
was added TFAA (0,5 ml, 2.4 eq) and the solution was 
heated at 50°C for 5 hours. It was then poured in 
sat. aq. NaHC03/CH2Cl2 and the phases were separated. 
The aqueous layer was extracted with CH2CI2 (2x) and 
the combined organic extracts were dried over MgS04. 
The solvents were evaporated and the residue was 
purified by flash chromatography (silica gel, 1:1 
Hex/EtOAc) to give 0.62 g. (70%) of the diol as a 
clear oil. 

step 3: (2S,4S)-2-benzoyloxymethyl-4-t- 

Butyldiphenylsilyloxymethyl-1 , 3-dioxolane 

30 

To a solution of the diol (0.62 g, 1.89 mmol) and of 
the aldehyde (0.31 g, leq) in anh. toluene (19 ml), 
at room temperature, under argon, was added a cat. 
amount of PPTS. The solution was refluxed for 18 
35 hours, after which it was poiired in sat. aq. 

NaHCOs/CHjCla . The phases were separated and the 
aqueous layer was extracted with CH2CI2 (2x) . The 
combined organic extracts were dried over MgSO^ and 



Step 2: 

15 



20 
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the solvents were evaporated. The residue was 
purified by flash chromatography (silica gel, 9:1 
Hex/EtOAc) to give 0.49 g (55%) of a 5:1 (cis/trans) 
mixture of the dioxolanes, 

(2S, 4S) -2-Hydroxymethyl-4-t- 
butyldiphenylsilyloxymethyl-1, 3-dioxolane 

To a solution of the benzoate (0.49 g, 1.03 mmol) in 
anh. MeOH (10.3 ml), at room temperature, under 
argon, was added MeONa/MeOH 4.37 M (24 ^1, 0.1 eq) . 
The solution was stirred for 18 hours after which it 
was poured in sat. aq. NH4CI/CH2CI2. The phases were 
separated and the aqueous phase was extracted with 
CH2CI2 (2x) . The combined organic extracts were 
dried over MgS04, the solids were filtered and the 
solvents were evaporated. The residue was purified 
by flash chromatography (silica gel, 3:1 Hex/EtOAc) 
to give the cis-alcohol (0.26 g, 67%) as a clear oil. 

(2S, 4S) -2- (N,N-dimethylaminopurin-9-yl) -4-t- 
buty Idiphenyls ilyloxymethy 1 - 1 , 3 -dioxolane 

The compound was prepared using a similar method as 
in Exanqple 15, step 1. 

(2S, 4R) -2- (N,N-dimethylaminopurin-9-yl) -4- 
hydroxymethyl-1 , 3-dioxolane 

The compound was prepared using a similar method as 
in Example 15, step 2. 

Purification: 10% MeoH/EtoAc 

^HNMR (CDCI3) : 5 8,32 (s, IH, purine), 7.75- (s, IH, 
purine), 5,33 (dd, IH, J=2.0, 6.6, H-2 -dioxolane, 
5.33 (bs, IH, OH), 4.45 (dd, IH, J=6.6, 14.3, CH2- 
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purine), 4.20 (dd, IH, J=2,0, 14,3, CH2-Purine) , 4.20 
(m, IH, H-4-dioxolane) , 4.05 (d, 2H, J-7.2, H-5) , 
3.78 (d, IH, J=13.0; CH2-OH) 3.53 (bs, 6H, (CH3)2N), 
3.40 (d, IH, J-13.0, CH2-OH) . 

5 

Step 7: (2S, 4S) -2- (N,N-dimethylaminopurin-9-yl) -4- 

(methyloxycarbonyl-D-arginine) -1 , 3-dioxolane - 
Compound #16 

10 The coit5)ound #16 was prepared using a similar method 

as in Example 15, step 3. 

Purification: MeoH 100% 

15 'HNMR (DMSO-ds) : 5 8.43 (s, IH, purine), 8.11 (s, IH, 

purine), 6.6 {m, IH, NH) , 5.28, (m, IH, H-2- 
dioxolane) , 4.39 (m, 2H, CHj -purine ) , 4.26 (m, IH, H- 
4-dioxolane) , 3.97-3.81 (m, 3H, C^, CH2-OCO-D- 
arginine), 3.71 (m, 2H, H-5-dioxolane) , 3.39 (bs, 6H, 

20 (CH3)2N), 3.07 (m, 2H, C%) , 1.70-1.45 (m, 4H, C^2, 

C%) . 

Eacample 17 Synthesis of N-(6-Dimethylamino^8-bromopurinyl- 

9 -y 1 ) - Pent oxycarbony 1 L-Arginine 




^H NMR (DMSO-dfi, 400 MHz, 5 in ppm) : 9.5 (IH, s, b, COOH) , 8.19 
(IH, s, purine), 8.1-7.2 (4H, b, guanidine) , 6.30 (IH, d, NH) , 
30 4-11 {2H, t, N-CH2), 3.87 (2H, t, OJa-O) , 3.64 (IH, m, C"H) , 3.39 
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(6H, s, N-(CH3)2)/ 3.02 (2H, m, C^) , 1,8-1.2 (lOH, m, C^H, 
C% -(CH2)3-) . 

m.p. (softens 115-118°) = 124-127oc. 

Rf silica (70% methanol -ethyl acetate) = 0.25 

5 

Example 18 Synthesis of N-(6-dimethylamino-8-bromopurin-9- 

yl)-7-pentoxycarbonyl-D-arginine - Compotmd #18 




NMR (DMSO - d5 , 400 MHz, 5 in ppm) ; 9.08 (IH, br s, COOH) ; 
8.18 (IH, s, purine); 7.9-7,3 (4H, br s, guanidine) ; 6.34 (IH, d, 
NH); 4.10 (2H, t, N-CH2); 3.86 (2H, O-CH2); 3,55 (IH, m, C%) ; 
15 3.35 (br s, N-(CH3)2); 3,03 (2H, C^U2) ; 1.9-1.2 (lOH, m, 

(CH2)3, CYH2, cPh2). 

m.p. (softens II60C) = 122-125«'C. 

Rf silica (70% methanol-ethyl acetate) = 0.25 
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Example 19 N-9-purinyl-5-pentanol - Compound #19 



IiyPd/C N'^^^^^N^ N 

* k,Xj 




Etbanol 

I 

(CHj)^— OH 



25**C/ovcniight N 



1h NMR 5 (CDCI3 in ppm) : 9.12 (s, IH, purine), 8.96 (s, IH, 
5 purine), 8.10 (s, IH, purine), 4.30 (t, 2H, CH2-O) , 3.63 (t, 2H, 
CH2-N), 1.97 (m, 3H, CH2 and OH) , 1.62 (m, 2H, CH2). 1-47 (m, 
2H, CH2) 

13c NMR (6 CDCI3 in 5pm): 153.09, 151.96, 149.15, 145.80, 
134.60, 62.78, 44.38, 32.47, 30.27, 23.57. 
10 Purification 5% MeOH/AcOEt 

Rf (silica) 0.29 (5% MeOH/AcOEt) . 

Example 20 N-9-purinyl-7-pentyloxycarbonyl-D-arginine - 

Compound #20 

15 

01 

HVPd/C n^^^^^ N 

— — ^ I 'i !^ 

Etbanol ^KT-^^M^ 
25'C Y fi 

(CH3),-0-C— NH— CH— COOH (CHj)3-0-C— NH— CH— COOH 




NH NH 
Hn'^^^^NHj HN^ ^NHj 



1h NMR 5 (DMSO in ppm): 9.10 (s, IH, purine), 8.93 (s, IH, 
20 purine), 8.64 (s, IH, purine), 7.77 (bs, 4H, guanidine) , 6.25 
(bs, IH, NH), 4.28 (t, 2H, CH2-O-) , 3.87 (t, 2H, CH2-N) , 3.58 

(m, IH, C^H), 3.09 (m, 2H, CH2-N) , 1,20-1.90 (m, lOH, 5x012). 

Purification: methanol 

Rf (silica) =0.23 (methanol) 
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Example 21 



PCT/CA95/00356 

N-9-purinyl-7-pentyloxycarbonyl-L-arginine - 
Compound #21 




0 
II 

(CH^j— O— CNH— CHCOOH 
(CH,), 

NH 
I 

HN NHj 



Hj/Pd/C 

I 

Elhanol 
25T 



N^^N N 

k.JD 



N N O 
I II 
(CHj),— O— CNH— CHCOOH 

(CH,)3 

NH 
I 

HN^ NH, 



NMR 5 (DMSO in ppm) : 9.13 (s, IH, purine), 8,94 (s, IH, 
purine), 8.66 (s, IH, purine), 8.25 (bs, IH, NH) , 7.44 (bs, 3H, 
guanidine) , 6.82 (bs, IH, NH ) , 4.28 (t, 2H, CH2-O) , 3.88 (t, 2H, 

CH2-N) , 3.72 (m, IH, CCtH) , 3.07 (m, 2H, CH2-N) , 1.19-1.95 (m, 

10 lOH, 5xCH2). 

13c NMR (5 CD3OD in ppm) : 179.47, 159.21, 158.95, 153.79, 

153.41, 140.07, 135.42, 66.06, 57.37, 45.38, 42.66, 31.88, 
30.93, 30.11, 26.67, 24.65. 
Puri f ication : methanol 
15 Rf (silica) =0.23 (methanol) 



Example 22 Synthesis of N,N-Dimethylaminopurinyl 

Pentoxycarbonyl L-Valyl L-Prolyl L-Leucine 
Compound #22 



20 
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^HNMR (CD3OD, 400 MHz, 8 in ppm) 8.22 (IH, s, purine); 8.05 (IH, 

s, purine); 4.60 (IH, t, C^tH) ; . 4 . 3-3 . 6 (8H, n, N-CH2 , ^ 

CH2-O, 2 xC«H); 3.51 (6H, s, b, N-(CH3)2); 2.2-1.2 (14H, m, - 

(CH2)3-, 2 X cPh2, cPh, CYH2, c7h) ; 1.0-0.8 (12H, 2 x CP-CH3, 

5 2 X CY-CH3. 
m.p. = 168«C 

Rf silica (40% methanol-ethyl acetate) =0.40 

Example 23 Synthesis of N,N-Dimethylaminopurinyl 

10 Pentoxycarbonyl L-Isoleucyl L-Prolyl L- 

Isoleucine- Conpoaind #23 




15 ^HNMR (CD3OD, 400 MHz, 8 in ppm) ; 8.21 (IH, s, purine); 8.03 

(IH, s, purine); 4-62 (1 H, t, C^H) ; 4.22 (4H, m) ; 4.03 (2H, m) ; 
3.89 (IH, m, C^n); 3.67 (IH, d, C^^) ; 3.50 (6H, s, b, N- 
(CH3)2); 2.1-1.0 (16H, m, -(052)3-, cPh2^, 2 x cPh, 3 x CTH2) ; 
0.95 (6H, d, 2 X CPCH3); 0.87 (6 H, t, 2 x cY-CHs) . 

20 m.p. (softens 83-86°C) = 93^0 

Rt silica (40% methanol-ethyl acetate) = 0.35 
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Example 24 Synthesis of N- (6-Cyclopropylaininopurin-9-yl) - 

5-pentanol - Campound #24 



Y Y 

NH NH 




tBu 

5 

1h NMR (5 CDCI3 in ppm) : 8,46 (s, IH, purine), 7.77 (s, IH, 

purine), 6.42 (bs, IH, NH) , 4:22 (t, 2H, CH2)/ 3.09 (bs, IH, 

OH), 1.94 Im, 2H, CH2) , 1.63 (m, 2H, CH2) , 1-45 (m, 2H, CB2) » 

0.94 (m, 2H, CH2). 0.69 (m, 2H, CH2) • 

10 Colorless oily material 

Rj = 0.3 10% methanol /ethyl acetate 
Mass spectrum: H" = 262 (HRMS) 

Example 25 Synthesis of N- (6-cyclopropylaminopurin-9-yl) - 

15 7-pentyloxycarbonyl-D-arginine - Compound #25 




(CH,)3 
HN-^ NHj 

1h NMR (5 DMSO in ppm): 8.22 (s, IH, purine), 8.14 (s, IH, 
20 purine), (bs, 4H, guanidine) , 6.28 (d, IH, NH) , 4.13 (t, 2H, 

CH2), 3.87 (m, 2H, CH2), 3.62 (m, IH, C^H) , 3.02 (m, 2H, CH2), 
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1.2-1.8 (m, IIH, 5xCH2 and CH) , 0.69 (m, 2H, CU2) . 0.67 (m, 2H, 
CH2) . 

13c NMR (5, DMSO inppm): 175.53, 158.20, 157.63, 155.79, 
152.62, 150.91, 141.03. 119.92, 63.69, 55.38. 43.12, 41.14,- 
5 30.10, 29.44, 28.49, 25.49, 24.38, 22.91, 6.78. 
m.p. softens 147»C melts 151®C. 
Rt = 0.34 (MeOH) 

Mass spectrum: H* = 462 (HRMS) 

10 Example 26 Synthesis of N-{6-cyclopropylaminopurin-9-yl)- 

7-pentyloxycarbonyl-L-arginine - Castpound #26 




Y 

NH 



N THF N'^ 71 N 

I M +COCl2+L-Aigmine + NaHC03 » |^ ^J\^ J] 




N N Q 
I II 

(cHj)50c:nhch— cooH 

HN^ NHj 



15 1h NMR (8 DMSO inppm): 8.23 (s, IH, piirine) , 8.14 (s, IH, 
purine), 7.51 (bs, 4H, guanidine) , 6.31 (d, IH, NH) , 4.16 (t, 

2H, CS2), 3.87 (t, 2H, CH2) , 3.62 (m, IH, C^H) , 3.02 (m, 2H, 

CH2), 1.2-1.85 (m, IIH, 5xqi2 and CH) , 0.72 (m, 2H, CH2) , 0,68 

(m, 2H, CH2) . 

20 NMR (5, CD3OD inppm): 179.41, 159.19, 158.95, 157.66, 

154.09, 151.00, 143.00, 121.10, 66.12, 57.34, 45.33, 42.67, 
31,90, 31.25, 30,14, 26.63, 25.11, 24.61, 8.14. 
m.p. 144-1460C 
Rf = 0.3 5 (MeOH) 

25 Mass spectrum: M* = 462 (HRMS) , 



51 



wo 95/3S297 PCT/CA95/00356 

Example 27 Synthesis of N- {6-Azetidinepurin-9-yl) -5- 

pentanol - Compound #27 




THF >i N 

I 

(CH3)50Si— tBu (CHj)j— OH 

5 NMR (5, CDCI3 in ppm) : 8.25 (s, IH, purine), 7.66 (s, IH, 
purine), 4.44 (m, 4H, CH2} r 4.10 (t, 2H, CH2}, 3.55 (t, 2H, 
CH2), 3.21 (bs, IH, OH). 2.48 (m, 2H, CH2) . 1.84 (m, 2H, CH2) , 
1.54 (m, 2H, CH2)/ 1.38 (m, 2H, CH2) . 

13c NMR (5, CDCI3 in ppm): 155.11, 153.42, 150.39, 140.37, 
10 120.38, 62.79, 44.05, 32.57, 30.45, 30,22, 23.45, 18.23, 18.12, 
m.p,: 104-106«'C 
Rf = 0.33 (10% MeOH/AcOEt) 
Mass spectrum: = 262 (HRMS) . 

15 Example 28 Synthesis of N- (6-Azetidinepiirin-9-yl) -7- 

pentyloxycarbonyl-D-arginine - Compound #28 



o o 



N**^ T; N THF N^^^n !f 

I I II +COCL + D-Arginine + NaHCO, ► | | 

(CHj)j— OH {CH,)50CNHCHCX)0H 

NH 
I 

HN^ N 
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1h NMR (5, CD3OD in ppm) : 7.96 (s, IH, purine), 7.89 (s, IH, 
purine), 4.27 (m, 4H, 2xCH2)/ 4.02 (t, 2H, CH2). 3.79 (m, 3H, 

CH2 andC«H), 2,99 (m, 2H, CH2), 2.32 (m, 2H, CH2) . 1.17-1.71 
Im, lOH, 5xCH2)- 

5 l^C NMR (5, CD3OD in ppm) : 181.56, 159.38, 159.14, 156.16, 
153.89, 151.22, 143.21, 120.92, 66.30, 57,15, 48.71 45.24, 
42.66, 31.51, 31.26, 30.15, 26.96, 24.64, 18.87, 
m.p. : 190-192OC 
Rf: 0.25 (methanol) 
10 Mass spectrum: M* = 462 (HRMS) 

Example 29 Synthesis of N-(6-A2etidinepurin-9-yl) -7- 

pentyloxycarbonyl-L-arginine - Compound #29 




O 



(CHj)^— OH (CH^)^— OCNHCHCOOH 

(CH,)3 

NH 
I 

HN*^ NH2 

1h NMR (5, CD3OD in ppm) : 7.93 (s, IH, purine), 7.88 (s, IH, 
purine), 4.27 (m, 4H, 2xqi2), 4,01 (t, 2H, CH2), 3.79 <m, 3H, 

CH2 and C^H) , 2.97 (m, 2H, CH2), 2.32 (m, 2H, 032)/ 1.15-1.74 
(m, lOH, 5xCH2). 

20 NMR (5, CD3OD in ppm) : 179,44, 159.18, 158.95, 156.16, 

153.89, 151.21, 143,20, 120.93, 66.12, 57.33, 48.69, 45.26, 
42,65, 31.88, 31.33, 31.23, 30.16, 26.63, 24.61, 18,50. 
m.p.: (softens at 1750C) melts at 187^0 
Rf = 0.27 (methanol) 

25 Mass spectnam: M* = 462 (HRMS) 



53 



wo 95/35297 

Example 30 



PCT/CA95/00356 

Synthesis of trans- (N-6-chloropurin-9-yl) -4- 
methyl -cyclohexyl-methanol - Compound #30 



CI 




OH 



5 



1h NMR (CDCI3. 400MHz, 5 in ppm) ; 8.73 (IH, s, purine); 8.05 

(IH, s, purine); 4.12 (2H, N-CH2) ; 3.43 (2H, d, 0-CH2); 1.89 

(IH, m, CH); 1.84-1.64 (4H, m, CH2-cyclohexane) ; 1.56 (IH, br s, 

OH); 1.45 (IH, m, CH) ; 1.14-0.85 (4H, m, CH2-cyclohexane) . 

10 m.p. (softens 176«»C) = 178°C 
Rf = 0.4 (ethyl acetate) 

Example 31 Synthesis of trans- (N-6-dimethylaminopurin-9- 



^H NMR (CDCI3, 300MH2, 5 in ppm) ; ; 8,29 (IH, s, purine); 7.63 
(IH, s, purine); 3,97 (2H, d, N-CH2) ; 3.49 ( 6H , br s, N- 

20 (CH3)2); 3,38 (2H, d, O-CH2) ; 2.46 (IH, br s, OH); 1.84 (IH, br 
m, CH-cyclohexane) ; 1.71 (4H, m, 2 x CH2 -eye lohexane) ; 1.40 (IH, 
m, CH-cyclohexane); 0.90 (4H, m, CH2-cyclohexane) . 
13c NMR (CDCI3, 400MHz, 5 in ppm) ; 154.9, 152.3, 150.6, 138.7, 
120.1, 68.2, 49.7, 40.2, 38.5, 38.2, 29.9, 28.6. 

25 m.p. = 151-153^0 



yl) -4-methyl-cyclohexyl-methar'.ol - Ccmpound #31 



15 
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5 



Example 32 



Synthesis of trans- (N-e-dimethylaminopurin-S- 
yl) -4-methyl-cyclohexyl-methyloxycarbonyl-D- 
arginine - Compound #32 



HN, 




N 




OH 



0 



1h NMR (DMSO-dg, 400MHz, 6 in ppm) ; 9.4 (IH, br s, COOH) ; 8.19 
10 (IH, purine); 8.11 (IH, s, purine); 8.0-7.2 {4H, br, 

guanidine); 6.28 (IH,. d, NH) ; 3.98 (2H, d, N-CH2); 3.69 (2H, d, 

O-CH2); 3.61 (IH, m, cCtH); 3.43 (6H, br s, N-CH3)2); 3,00 (2H, 
br, C^); 1.9-0.8 (14H, m, cPh2, cYH2, 2 x CH-cyclohexane, 4 x 
CH2-cyclohexane) . 

15 NMR (DMSO-dg, 400MHz, 5 in ppm) ; 174.8, 156.8, 155.0, 153.8, 

151.2, 150.0, 139.6, 118.7, 78.7, 67.9, 54.6, 48.2, 48.1, 37.1, 
36,5, 29.3, 28.8, 27.8, 24.6. 
m.p. (softens 1570C) = 164-166oc 
Rf = 0,35 (methanol) 

20 
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Example 33 Synthesis of trans- (N-6-hydroxypurin-9-yl) -4- 

methyl -eye lohexyl -methanol -Compound #33 

OH 




'OH 



5 NMR (CD3OD, 400MH2, 5 in ppm) ; 8.05 {2H, s, purine); 4.10 
(2H, d, N-CH2); 3.35 (2H, d, O-CH2); 2.0-0.9 (10 H, m, 2 x CH- 
cyclohexane, 4 x CHy- eye 1 o hexane ) 

13c NMR (CD3OD, 400MHz, 5 in ppm) ; 156.7, 148.1, 144.1, 140.2, 
122,7, 66.1, 48.7, 39.2, 37.5, 28.7, 27.6. 
10 m.p. > 200<>C 

Rf = 0.35 (20% methanol -ethyl acetate) 

Example 34 Synthesis of trans- (N-6-methoxypurin-9-yl) -4- 

methyl-cyclohexyl-methanol - Compotmd #34 

15 




'OH 



NMR (CDCI3, 300MH2, 5 in ppm) ; 8.52 (IH, s, piirine) ; 7.84 
(IH, s, purine); 4.17 (3H, s, 0-CH3) ; 4.12 (2H, d, N-CH2); 3.43 
20 (2H, d, O-CH2); 1.89 (IH, m, CH) ; 1.84-1.64 (4H, m, CH2- 

cyclohexane) ; 1.56 (IH, br s, OH);' 1.45 (IH, m, CH) ; 1.14-0.85 
(4H, m, CH2"Cyclohexane) . 

m.p. (softens 159<>C) = 162«>C 
Rf = 0.25 (ethyl acetate) 

25 

Example 35 Synthesis of cis- (N-6-dimethylaminopurin-9-yl) - 

4 -methyl -eye lohexyl -methanol - Compound# 35 
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1h NMR {CDCI3, 300MH2, 5 in ppm) ; ; 8.31 (IH, s, purine); 7.66 
5 (IH, s, purine); 4.08 (2H, d, N-CH2); 3.55 {2H, d, O-CH2); 3.50 
( 6H , br S, N-(CH3)2); 3.28 (IH, br s, OH); 2.12 (IH, m, CH) ; 
1.67 (IH, CH) ; 1.5-1,3 (8H, m, CH2-cyclohexane) , 
i3c NMR (CDCI3, 300MHz, 5 in ppm) ; 155.4, 152.7, 151.1, 139.1, 
120.5, 65.9, 47.7, 39.1, 38.3, 36.3, 26.6, 25.4. 
10 m.p. 153-156«>C 

Rf = 0.3 (10% methanol -ethyl acetate) 

Example 36 Synthesis of cis- (N-6-dimethylaminopurin-9-yl) - 

4 -methyl -eye lohexy 1 -methyl oxycarbony 1 -D- 
15 arginine - Compound #36 




o 



^H NMR (DMSO-dg, 400MHz, 8 in ppm); 9.28 (IH, br s, COOH) ; 8.19 
20 (IH, s, purine); 8.13 (Ih, s, purine); 8.0-7.2 (4H, br, 

guanidine); 6.34 (IH, d, NH) ; 4.10 (2H, d, N-CH2); 3.85 (2H, d, 

O-CH2); 3.65 (IH, m, cOtH); 3.44 (6H, br s, N-(CH3)2); 3.02 (2H, 
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m, cSh2); 2.09 (IH, m, CH) ; 1.8-1.2 (14H, m, cPh2, Cf^E2, 2 x CH- 
cyclohexane, 4 x CH2-cyclohexanG) . 

13c NMR (DMSO-dg/ 400MH2, 5 in ppm) ; 175.2, 157.7, 155.2, 154.1, 
151.8, 150.2, 139.9, 119.3, 66.4, 55.3, 46.1, 48.0, 34.9, 34.7, 
5 29.9, 25.5, 25.1, 24.4. 

m.p. (softens 153^0 = 168-170OC 
Rf = 0.35 (methanol) 

Example 37 Synthesis of N- (6-climethylaininopurin-9-yl) 7- 

10 pentoxycarbonyl-D-citrulline - Compound #37 



NMR (DMSO - dg, 400 MHz, 5 in ppm); 8.19 (IH, s, purine); 
15 8.15 (IH, s, purine); 6.21 (IH, d, NH) ; 6.11 (IH, s, NCO-NH) ; 

5.42 (2H, s, NH2) 4.14 (2H, t, N-CH2); 3,86 {2H, m, O-CH2) ; 3,56 

(IH, m, C^H); 3.35 (6H, br s, N-(CH3)2); 2.87 (2H, m,.c5H2); 

1.9-1.2 (lOH, m, (CH2)3, CTH2 , cPh2) , 

l^c NMR (CD3OD, 400 MHz, 5 in ppm) ; 173.6, 158.4, 155.0, 153.8, 
20 151.2, 149.7, 139.3, 118.7, 62,8, 54,8, 42.3, 37,4, 29.8, 28.5, 
27,6, 25.7, 22,0, 

m.p. (softens 172-1760C) = 178-1810C 
Rf = 0.20 (40% methanol-ethyl acetate) 

25 Example 38 Synthesis of N- (6-methylaziridinepurin-9-yl) -5- 




pentanol - Compound #38 
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(CHj)^— OH (CHj),— OH 

NMR (5, CDCI3 in ppm) : 8.54 (s, IH, purine), 7,90 (s, IH, 
purine), 4.22 (t, 2H, CH2) , 3.61 (t, 2H, CH2). 2.78 (m, IH, OT) , 
5 2.65 (d, IH, CH2), 2.40 (d, IH, CH2)/ 2.39 (bs, IH, OH), 1.94 
(m, 2H, CH2), 1-59 (m, 2H, CH2), 1.50 (d, 3H, CH3) , 1.40 (m, 2H, 
CH2) . 

13c NMR (5, CDCI3 in ppm): 163.30, 152.99, 151.99, 142.80, 
126.11, 62.81, 44.48, 35.97, 34.89, 32.51, 30.38, 23.50, 18.48. 
10 Low melting point. 

= 0.4 (20% MeOH/AcOEt) 
Mass spectrum: = 262 

Eacample 39 Synthesis of N- (6-methylaziridine purine-9-yl) - 

15 7-pentyloxycarbonyl-D-arginine - Compound #39 




o 



NMR (CD3OD in ppm): 8.29 (s, IH, purine), 8.14 (s, IH, 
20 purine), 4.10 (t, 2H, CH2) , 3.79 (m, 3H, IxCHj and C*^) , 2.97 (m, 
2H, CH2), 2.62 (m, IH, CH) , 2.45 (d, IH, CHj) , 2.19 (d, IH, CHj) , 
1.2-1.76 (m, 13H, 5xCH2 and IXCH3) . 



59 



wo 95/35297 PCT/CA95/003S6 

m.p.: (softens at ISQ^C) melts at 200^0 
R;: 0,4 (methanol) 
Mass spectirum: M* = 462 

5 Example 40 N,N- (6-Dimethylaminopurinyl-9-yl) -7-thioethoxy- 
ethoxycarbonyl-D-arginine - Compound #40 
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Example 41 meta- (N-6-Dimethylaminopurinyl-9-yl) methyl- 
benzyloxycarbonyl-D-arginine - compoxmd #41 




OSitBuPhj 



Compound #41 
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Example 42 5- (N'-6-Dimethylaminopurinyl-9-yl) -3-pentynyl-l- 
oxycarbonyl-D-arginine - Compound #40 

2 



1 



CI 



OH 



OSitBuPhj 



MeOjC — = V OSitBuPh^ 



H 



6:> 




^OSitBuPhj 



■6;> 




NH . 



O^^^ COOH 



OSitBuPb, 





OH 



5 Eacample 43 



Synthesis of N- [6- (l-methyl-2-acetoxy) - 
ethylaminopurin-9-yl]-5-pentanol - Compoimd #43 




NH 




HO 
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NMR (6, CDCI3 in ppm) : 8.36 (s, IH, purine), 7.76 (s, IH, 
purine), 6.58 (bs, IH, NH) , 5.18 (m, IH, OH), 4.22 <t, 2H, CHj), 
3.92 lbs, IH, CH), 3.63 (t, 2H/ CH2) , 2.05 (s, 3H, CH3) , 1.3-1.9 
(m, 4xCH2, IXCH3) . 
5 173.04, 156,6, 155.8, 154.2, 142.8, 120.5, 71.66, 68.61, 63.10, 
45.43, 33.54, 31.42, 24.54, 21.69, 18.25. 
Low melting point 

= 0.5 15% MeOH/AcOEt 
Mass spectrum: = 322 

10 

KxHTT^le 44 Synthesis? of N- [6- (l-inethyl-2-acetoxy) , 

ethylaininopurin-9-yl] -7-pentyloxy-carbonyl-D- 
arginine - Compound #44 




NMR (5, CD3OD in ppm): mixture of isomers, 8.05 (s, IH, 
purine), 7.89 (s, IH, purine), 4.92 (m, IH, O!) , 4.03 (t, 2H, 
OTj) , 3.78 (m, 3H, CH2 and c*^) , 3,46 (d, 2H, CH2) , 2.99 (m, 2H, 

20 qij), 1.8 (s, 3H, CH3), 1.1-1.79 (m, 13H, 5xCH2 and IXCT3) . 

"C NMR (5, CD3OD in ppm): mixtxire of isomers, 179.50, 159,19, 
158.97, 156,88, 154.21, 154.14, 142.85, 142.75, 120.95, 68.13, 
66,91, 66.11, 57.36, 45.32, 42.65, 31.89, 31.73, 31.25, 30.15, 
30.04, 26.67, 24.61, 21.56, 18.09. 

25 m.p.: (softens at 177«C) melts at 185*^0 
Rf: 0.35 (methanol) 
Mass spectrum: M* = 522. 
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Example 45 



PCT/CA95/00356 

Synthesis of N-(2, 6-Dichloropurin-9-yl)-5- 
pentcinol - Compound #45 



CI 




5 

NMR (5, CDCI3 in ppm) : 8.11 (s, IH, purine), 4.29 (t, 2H, 
CH2) , 3.66 (t, 2H, CH2), 2.00 (m, 2H, CHj) , 1.64 (m, 2H, CHj), 
1.48 (m, 2H, CH2). 1.3 (t, IH, OH). 

"C NMR (5, CDCI3 in ppm) : 163.3, 150.2 149.3, 148.01, 128.00, 
10 63.20, 44-80, 29.70, 26.00, 22.4. 
m.p.: 133-135«>C 

Rf: 0.4 5% methanol /ethyl acetate 
Mass spectrum: M* = 260 (HRMS) . 

15 Example 46 Synthesis of N- (2 , 6-Dichloropurin-9-yl) -7- 

pentyloxycarbonyl-D-arginine - Compound #46 



CI 




o 



20 NMR (6, DMSO in ppm) : 9.33 (s, IH, COOH) , 8,75 (s, IH, 

purine), 7.3-7.8 (bs, 4H, guanidine) , 6.28 (d, IH, NH) , 4,23 (t, 
2H, CHj), 3.86 (t, 2H, CH2) , 3.61 (m, IH, C"H) , 3.015 (m, 2H, 
CH2), 1.2-1.9 (m, lOH, SxCHj). 
m.p.: Softens at 136^0 melts at 147^0 
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Rf: 0.46 methanol 

Mass spectrum: M* = 476 



PCT/CA95/003S6 



Example 47 Synthesis of N- (2 , 6-Dichloropurin-9-yl) -7- 

pentyloxycarbonyl-L-arginine - compound #47 



CI 




o 



NMR {6, CD3OD in ppm) : 8.38 (s, IH, purine), 4.12 (t, 2H, 
10 CH2), 3.80 (m, 3H, CH2 and C*^) , 2.97 (m, 2H, CHj) , 1.2-1.8 (m, 
lOH, 5XCH2). 

m.p.: Softens at 137«»C, melts at 147^0 
Rf: 0.45 (methanol) 
Mass spectrum: M* = 476 

15 

Example 48 N-(2-Amino, 6-N, N-Dimethylaminopurin-9-yl) -5- 

pentanol - Campound #48 




20 
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^HNMR (8 in CDC13 ppm) : 7.46 (s, IH, purine), 4.70 (bs, 2H, NH2 
), 4.04 (t, 2H, CH2), 3.65 (t, 2H, CH2) , 3.46 (bs, 6H, 2 x CH3), 
1.95 (m, 2H, CH2)/ 1-65 (m, 2H, CH2) , 1.42 (m, 2H, CH2) 

^^CNMR (8 in CD3OD ppm) : 
5 158.27, 154.08, 150.74, 136.12, 112.96, 60.28, 41.97, 36.50, 
30.71, 28.38, 21.64. 
m.p,: 139-1410C 

Rf: 0.55 (15% Methanol /Ethyl acetate) 
Mass spectrum: M"*" = 265. 



1h NMR (CDCI3, 400MHz, 8 in ppm); 8.24 (IH, s, purine); 4.08 
(2H, t, N-CH2); 3.61(2H, t, O-CH2); 3.49 (6H, br s, N-(CH3)2); 
2,70 (3H, s, S-CH3); 1.81 (2H, p, CH2) ; 1.67 (IH, br s, OH); 
1.59 (2H, p, CH2); 1.39 (2H, p, CH2) • 
20 NMR (CDCI3, 400MHz, 8 in ppm) ; 152.30, 151.69, 150.29, 

146.47, 119.39, 61.58, 41.77, 37.45, 31.28, 28.08, 21.81, 13.43. 



10 



Example 49 



Synthesis of N- (6-dimet:hylamino-8- 
methylthiopurin-^-yl) 5-pentanol - Compouiid #49 
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Synthesis of N- (6-dimGthylamino-8- 
methylthiopurin-9-yl) 7-pentoxycarbonyl-D- 
arginine - Compouiid #50 



CH, 



N 



COOH 



HN' 
HN^NHj 

5 

1h NMR (DMSO-dg, 400MHz, 5 in ppm) ; 8.13 (IH, s, purine); 8.0-7- 
2 (4H, br, guanidine); 6.32 (IH. d, NH) ; 4.01 (2H, t, N-CH2) ; 
3.86 {2H, t, O-CH2); 3.65 (IH, m, ) ; 3.41 (6H, br s, N- 
10 {CH3)2); 3.02 (2H, br, €^2) ; 18-1-2 (lOH, m, cPh2 , C^^. - 
(CH2)- ) • 

13c NMR (CDCI3, 400MHZ, 8 in ppm) ; 175 . 09 , 156.83, 155.01. 
152.01, 151.87, 150.46. 146.70, 118.84, 62.82, 54.61. 41.66, 
39.91, 37.32, 29.26. 27.80, 27.69, 24.62, 22.05, 13.38. 

15 

Example 51 Synthesis of N- (6-niethoxypurin-9-yl) 5-pentanol 

- Canpound #51 




HO 




20 
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NMR (CDCI3, 400MH2, 5 in ppm) ; 8.43 (IH, s, purine); 7.86 
(IH, s, purine); 4.18 (2H, t, N-CH2) ; 4.09 (3H, s, O-CH3); 3.55 
(2H, O-CH2); 3.09 (IH, br s, OH); 1.86 (2H, CH2); 1.53 
(2H, m, CH2); 1.37 (2H, m, CH2) . 
5 ^^C NMR (CDCI3, 400MHz, 5 in ppm) ; 160.0, 150.9, 141.2, 120.4, 
60.9, 53.2, 43.1, 30.9, 28,8, 22.0. 
m.p.= ISO^C 

R( = 0,30 (15% methanol -ethyl acetate) 
10 Example 52 Synthesis of N- {6-methoxypurin-9-yl) 7- 



NMR (DMSO-dg, 300MHz, 5 in ppm) ; 8.51 (IH, s, purine); 8.39 
15 (IH, s, purine); 8.0-7.3 (4H, br, guanidine) ; 6.29 (IH, d, NH) ; 
4.22 (2H, t, N-CH2); 4.08 {3H, s, O-CH3) ; 3.86 (2H, t, O-CH2); 

3,62 (IH, m, C^H); 3.02 (2H, br, C^); 1.8-1.2 (lOH, m, cPh2 , C 
^ii2' ^CH2)3). 

NMR (CDCI3, 400MHz, 6 in ppm) ; 205.9, 175.8, 160.6, 157.7, 
20 155.8, 152,4, 151.8, 120.9, 63.7, 55.4, 54.2, 43.6, 39.1, 30.1, 
29.3, 28.5, 25,5, 22.9. 
m.p. (softens 132<^C) = 1480C 
Rf = 0.35 (40% methanol -ethyl acetate) 



pentoxycarbonyl-D-arginine - Compoimd #52 
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Synthesis of N- (2-chloro-6-methoxypurin-9-yl) - 
7-pentyloxycarbonyl-D-arginine - Coinpound #53 




NH 
HN NH^ 



5 ^HNMR (5, DMSO in ppm) 

9.41 (bs, IH, COOH), 8.42 (s, IH, purine), 7.3-7.8 (bd, 4H, 

guanidine) , 6.28 (d, IH, NH) , 4.08 (s, 3H, CH3), 3.87 (t, 2H, 

qi2), 4.18 (t, 2H, CH2), 4.08 (s, 3H, CH3), 3.87 (t. 2H, CH2), 

4.08 (s, 3H, CH3), 3.87 (t, 2H, CH2) , 3.61 (m, IH, C^H) , 3.04 
10 (m, 2H, CH2), i. 22-1. 87 (m, lOH, 5XCH2)- 
m.p-: Softens at 128°C, melts at 141«>C 
Rf: 0.45 (Methanol) 

Mass spectrum: M"*" = 471. 

15 Example 54 Synthesis of N- (6-dimethylaminopurin-9-yl) 7- 

pentoxycarbonyl-D-omithine - Compound #54 




WO 95/35297 

Example 53 
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1h NMR (DMSO'dg, 400MH2, 5 in ppm) ; 8.20 (IH, s, purine); 8.12 
{IH, s, purine); 6,21 (IH, d, NH) ; 4,10 (2H, t, N-CH2)'* ^ . 87 

(2H, t, O-CH2); 3.59 (IH, m, C^) ; 3.4 (br, N-(CH3)2, NH2) ' 2.70 
(2H, m, c5h2); 1.9-1.2 (lOH, m, (CH2)3' cPh2, CTH2) . 
5 NMR (CD3OD, 400MHz, 5 in ppm) ; 176 . 3 , 156.2, 153.8, 150.7, 

148.8, 138,9, 118,5, 63.5, 54,2, 42.5, 38,0, 37.0, 28.6, 28.3, 
27.2, 22.4, 21.7. 
m.p. (softens 185^C) = 189-190°C 
Rf = 0.20 (methanol) 

10 

Example 55 Synttiesis of N- ( 6-dimethylaininopurin-9-yl) 7- 

pentoxycarbonyl-L-ornithine - Compound #55 




15 

Spectral properties were identical with compound #54. 

Example 56 Synthesis of N- (6-dimethylaminopurin-9-yl) 7- 

pentoxycarbonyl-L-valine - Compound 56 

20 




1h NMR (DMSO - ds, 400 MHz, 5 in ppm); 8,19 (IH, s, purine); 
8.16 (IH, s, purine); 6.30 (IH, d, NH) ; 4.13 (2H, t, N-CH2); 
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3.87 (2H, m, O-CH2); 3.64 (IH, m, C^m ; 3.4 {hr s. N-(CH3)2); 
1.80 (2H, p; CH2J; 1.25 {2H, p, CH2 , ) ; 0.79 {3H, d, C7H3 ) ; 0.75 
(3H, d, CTH3) . 

l^c NMR {CD3OD, 400 MHz, 5 in ppm) ; 174.6, 156.7, 153.7, 150.5, 
5 148.9, 138.6, 118.6, 63.4, 59.2, 42.3, 36.729.6, 28.3, 27.3, 
21.7, 17.5, 15.9. 
m.p. (softens 140^0 = 172-1760C 
Rf = 0,20 (30% methanol-ethyl acetate) 



10 Example 57 



Synthesis of N-(6-dimethylaminopurin-9-yl) 7- 
pentoxycarbonyl-D-valine - Compoiind #57 




15 Spectral properties were identical with conpoiind #56. 

Ex^^'ple 58 Synthesis of N (N,N-dimethylaminopurin-9-yl) -7- 

pentyloxycarbonylethylamine hydrochloride - 
compound #58 



20 




NH3 cf 



Ihnmr (5 in DMSO ppm): 8.40 (s, IH, purine), 8.43 (s, IH, 
purine), 8.04 (bs, 3H, NH3), 4.24 (t, 2H, CH2) , 4.02 (t, 2H, 
CH2), 2,99 (m, 2H, CH2 ). 2.67 (t, 2H, CH2 1.83 (m, 2H, CH2) 
25 1.62 (m, 2H,CH2)/ 1.28 (m, 2H, CH2) . 
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Rf; 0.3 10% Methanol /Ethylacetate 
Mass spectrum: M**" = 321 



5 



Example 59 



Synthesis N- (6-Mercaptopurin-9-yl) -pentanol - 
Compound #59 




> 

•N 



OH 



Ihnmr {8 DMSO in ppm) : 8.30 (s, IH, purine), 8.18 (s, IH, C2- 
10 purine), 4,34 {t, IH, OH), 4.15 (t, 2H, CH2-O) , 3.34 <t, 2H, 

CH2-N) , 1.82 (m, 2H, CH2), 1-42 (m, 2H, CH2) , 1.24 (m, 2H, CH2) . 
Rf: 0.57 30% Methanol /Ethylacetate 
Mass spectnim: M"*" = 239 

15 Example 60 Synthesis of N- (6-Methylthiopurin-9-yl) - 



20 ^HNMR (5 CDCI3 in ppm) : 8.74 (s, IH, purine), 7.95 (s, IH, 

purine), 4.27 (t, 2H, CH2-N) , 3.65 (t, 2H, CH2-O) , 2.74 (s, 3H, 
SCH3), 1,94 (m, 2H, CH2), 1.60 (m, 2H, CH2), 1.43 {m, 2H, CH2) . 
13CNMR (5 CD3OD in ppm): 163.23, 153.42, 149.96, 145.89, 132.48, 
63.08, 45.60, 33.62, 31.24, 24,54, 12.29. 

25 m.p.: 95-970C 



pentanol - Compound #60 
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Rf: 0.22 (Ethylacetate) 
Mass spectnom: M"*" = 253 



5 



Example 61 



Synthesis of N- {6-chloropurin-9-yl) 4-butanol - 

Cosipound #61 
CI 



N 



N 




OH 



NMR (CDCI3, 400 MHz, 6 in ppm) : 8.66 (IH, s, purine), 8.16 



(IH, s, purine), 4.33 (2H, t, N-CH2) , 3.67 (2H, t, O-CH2) , 3.04 
10 • (IH, br s, OH), 2.01 (2H, p, CH2) , 1.55 (2H, p, CH2) . 
m.p. = 970c 



NMR (CDCI3, 400 MHz, 5 in ppm): 8.24 (IH, s, purine), 7.68 
(IH, s, purine), 4.33 (2H, t, N-CHj) , 3-89 (IH, br s OH), 3.64 
20 (2H, t, O-CH2), 3.46 (6H, br, N-(CH3)2), 1.92 (2H, p, CHj) , 1.53 
(2H, p, CH2). 
m.p. = 78«C 

Example 63 Synthesis of N-(6-diraethylaminopurin-9-yl) -6- 

25 butoxycarbonyl-D-arginine - compouzul #63 



Example 62 



Synthesis of N-(6-dimethylaminop\irin-9-yl) 4- 
butanol - Compound #62 



15 
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COOH 



(D-Arginine) 



HN 



A, 



*H NMR (DMSO-ds, 400 MHz. 5 in ppm) ; 8.20 (IH, s, purine), 8.16 
(IH, s, purine), 8.1-7.3 <4H, br, guanidine) , 6.40 (IH, d, NH) , 
5 4.16 (2H, t, N-CHz), 3.91 {2H, t, O-CHj) , 3.65 (IH, M, C^) , 3.4 
(6H. br, N-(CH,)2), 3.02 (2H, in, C^) . 1.9-1.3 (8H, m. C^H, C^H. - 

(CH2)2-). 

m.p. (softens 850C) = 140-142<>C 
10 Example 64 Synthesis of N-(6-dimethylaininopurin-9-yl) -6- 



butoxycarbonyl-L-arginine - Compound #64 




HN 



(L-Arginine) 



HN' 



A 



Spectral properties were identical with compound #63 . 
15 m.p. (softens 85^C) = 139-1420C 



Example 65 



Synthesis of N- (6-chloropurin-9-yl) -6-hexanol - 
Compound #65 
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NMR (5, CDCI3 in ppm) : 8.69 {s, IH, purine), 8.11 (s, IH, 
purine). 4.27 (t, 2H, CH2) , 3,58 (t, 2H, CHj) . 2.21 (bs, IH, 
5 OH), 1.91 (m, 2H, CHj) , 1.43 (m, 2H, CHj) , 1.35 (m, 4H, 2x012). 
"C NMR (5, CDCI3 in ppm) : 152.45, 151.60, 145.69, 132.16, 
112,00, 63.00, 44,96, 32.86, 30,39, 26,87, 25,67, 
m.p. = 84-860C 

Rf = 0,5 10% (methanol /ethyl acetate) 
10 Mass spectnam: M* = 255 

Example 66 Synthesis of N- (6-N,N-dimethylaminopurin-9-yl) 



NMR (5, CDCI3 in ppm) : 8.35 (s, IH, purine), 7.71 (s, IH, 
purine) , 4.17 (t, 2H, CH2) , 3.61 (t, 2H, CH2) , 3,53 (bs, 6H, 
2xqi3) , 1,89 (m, 2H, CH2), 1.71 (bs, IH, OH), 1,55 (m, 2H, CH2) , 
20 1,45 (m, 4H, 2XCH2) . 

NMR (5, CDCI3 in ppm): 154,44, 152.90, 150.95, 138.72, 
120.53, 63.04, 44,08, 39.28, 32.95, 30.61, 26.80, 25.64. 
m.p, 75-770C 

Rf = 0.48 10% methanol /ethyl acetate 
25 Mass 'spectrum: M* = 264 

Example 67 Synthesis of N-(6-N,N-dimethylaminopurin-9-yl) - 



6-hexanol - Compound #66 




15 



8-hexyloxycarbonyl-D-arginine - Costpound #67 
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NH 



NMR (5, CD3OD in ppm) : 7.98 (s, IH, purine), 7.J1 (s, IH, 
5 purine), 3.98 (t, 2H, CH2) , 3.78 (m, 3H, CH2 and C*^) , 3.2.7 (bs, 
6H, 2XCH3), 2.96 (t, 2H, CHj), 1.1-1.78 (m, 12H, SxCHz) . 

Example 68 Synthesis of N-6-N,N-dimethylaininopurine-9-yl) - 

8-hexyloxycarbonyl-L-arginine - Compound #68 

10 




NH 

HN^NHj 



NMR (5, CD3OD in ppm): 8.00 (s, IH, purine), 7.82 (s, IH, 
purine), 4.00 (t, 2H, CHj) , 3.80 (m, 3H, CH2 and C"H) , 3.29 (bs, 
15 6H, 2XCH3), 2.97 (t, 2H, CH2) , 1.13-1.72 (m, 12H, 6XCH2) . 

Example 69 Synthesis of cis- (N-6-hydroxypurin-9-yl) -4- 

methyl-cyclohexyl-methanol - Compound #69 
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OH 




\ 



OH 



NMR (CD3OD, 400 MHz, 5 in ppin) : 8.08 (IH, s, purine), 8.07 
(IH, s. Taurine), 4.21 (2H, d, N-CHz) , 3.49 (2H, d, O-CH2) , 2.16 
5 (IH, m, CH), 1.7-1.2 (9H, m, CH2-cyclohexane, CH) . 
m.p. >200^C 

Rf = 0.3 (20% methanol-ethyl acetate) 

Example 70 Synthesis of cis- (N-6-hydroxypurin-9-yl) -4- 

10 methyl -cyclohe3Q^l-methyloxycarbonyl-D-arginine 



15 NMR (CD3OD, 400 MHz, 5 in ppm) : 8.10 (IH, s, purine), 8.09 
(IH, s, purine), 4,24 (2H, d, N-CHj) , 3.65 (IH, m, C*^) , 3,52 
(2H, d, O-CH2) , 2.95 (2H, m, , 2.2-1.2 (14H, m, 2x01- 

cyclohexane, 4xCH2-cyclohexane, C^Hjr C^Ha) • 



- Compouxid #70 




O 



20 Example 71 



Synthesis of trans- (N-6-hydroxypurin-9-yl) -4- 
methyl-cyclohexyl-methyloxycarbonyl-D-arginine 
- Conpouzid #71 
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O 



NMR (CD3OD, 300 MHz, 5 in ppm) : 8.09 {2H, s, purine), 4.12 
(2H, d, N-CH2), 3.68 (IH, m, C"H) , 3.36 (2H, O-CH2) , 3.01 (2H, 
5 m, C%) s 2.0-0.9 (14H, m, 2xOT-cyclohexane, 4xCH2-cyclohexane, 

m.p. >2000C 

Rf = 0.2 (methanol) 

10 Example 72 Synthesis of N-(6-N,N dimethylaminopurin-S-yl) - 

5 -pen tyl amine hydrochloride salt - Compound #72 




CI 



15 NMR (5, DMSO in ppm): 8.20 (s, IH, pxirine) , 8.16 (s, IH, 
purine), 7.84 (bs, 3H, NH3), 4.14 (t, 2H, CHj) , 3.44 (bs, 6H, 
2XCH3), 2.73 (t, 2H, CH2). 1.81 (m, 2H, CHj) , 1.56 (m, 2H, CH2) , 
1.25 (m, 2H, CH2) . 

20 Example 73 Synthesis of N- (6-methylaziridinepurin-9-yl) -7- 

pentyloxycarbonyl-L-arginine - compound #73 
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>7 



N 




N 



O 



O 



Spectral data of compound ^73 was cortparable to that reported 
for compound #39 . 

5 



10 1h NMR (CDCI3): 5 8.32 (s, IH, purine), 7.75 (s, IH, purine), 
5.33 (dd, IH, J = 2.0, 6-6, H-2-dioxolane) , 5.33 (bs, IH, OH), 
4.45 (dd, IH, J = 6.6, 14.3, CH2-Purine) , 4.20 (dd, IH, J = 2.0, 
14.3, CH2-purine), 4.20 (m, XH, H-4-dioxolane) , 4.05 (d, 2H, J = 
7.2, H-5), 3.78 (d, IH, J = 13,0, CH2-OH) , 3.53 (bs, 6H, 

15 (CH3)2N), 3.40 (d, IH, J = 13.0, CH2-OH) . 

Example 75 (1S,3R) and (IR, 3S) -1- (N-6-Dimethylaminopurin- 



Exainple 74 



(2S, 4S) -2- (N,N-Dimethylaminopurin-9-yl) -4- 



hydroxymethyl- 1 , 3 



-dioxolane - Compouiid #74 




9-yl)methyl-3-cyclopentane methanol - 
Compound #75 



20 
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NMR {CDCI3, 300 MHz): 8 8.32 (s, IH, purine), 7.71 (s, IH, 
purine), 4.18 (dd, IH, J= 8.6, 13.7), 4.06 (dd, IH, J= 6.7, 
5 13.7), 3.61-3.53 (m, .8H) , 3.00 (bs, IH, OH), 2.48 (m,lH), 2.17 
(m, IH), 1.88-1.68 -u, 3H) , 1.53 (m, IH) , 1.43 (m, IH) , 1.08 (m, 
IH) . 



Example 76 (1S,3R) and (IR, 3S) -1- (N-6-Dimethylaininopurin- 

10 9-yl)methyl-3- {methyloxycarbonyl-D- 

arginine) cyclopentane - Compoxind #76 



N 



(+/-) 



DCOCl^.THF N'^^^^ ^ \i 



2)D-arginhic O ] 




OH 




H 



O^N COOH 



H 
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ffyflwipie 77 N,N- (6-Dimethylaminopurin-9-yl) -7- 
ethylaminoethanol *- Compound #77 



MeOH ^N^N 
l^^^OR N ^^^^OH 

CBZ H 



5 NMR (CDCI3, 400 MHz): 5 8.34 (s, IH, purine), 7.79 (s, IH, 
purine), 4.29 (t, 2H. J= 5.8, -CH2-) . 3.62 (m, 2H, -CH:-), 3.54 
(bs, 6H, (CHj)2N), 3.11 (t, 2H, J=5.8, -CHj-) , 2.81 (t. 2H, J= 
5.2, -CHj-), 2.05 (bs, 2H, NH and OH) . 



10 Example 7B N,N- (6-Dimethylaminopurin-9-yl) -7- 

ethylaminoethoxycarbonyl-D-arginine 
Campouxid #78 




t^^^O N COOH COOH 

Ynh - Lf 

H H 



15 'H NMR (CDCI3, 300 MHz): 5 9.36 (m, IH) , 8.19 (s, IH, purine), 
8.11 (s, IH, purine), 6.38 (d, IH, J=7.0, NH carbamate), 4.17 
(t, 2H, J= 6.1, -CH2-), 3.91-3.87 (m, 2H, -CH,-) . 3.65 (m, IH, 
CH-COOH), 3.43 (bs. 6H, (CH3)2N) , 3.03-3.01 (m, 2H, CH2- 
NHC(NH)NHj), 2.90 (t, 2H, J= 6.1, -CH,-) , 2.68 (t, 2H, J= 5.6, - 

20 CH2-), 1.64-1.44 (m, 4H, CH2-CH2-CH2NHC (NH)NH2) . 



81 



wo 95/35297 



PCT/CA95/00356 



Example 79 N,N- (6-Diinethylaminopurin-9-yl) -7- 

ethylaminoethoxycarbonyl-L-arginine - 
Compound #79 




5 

Spectral properties were identical with ccirtpoijnd #78. 

Example 80 5- (N-6-Diinethylaminopurin-9-yl) -3-pentyn-l-ol - 

CoxnpoTxnd #80 



10 




NMR (CDCI3): 6 8.34 (s, IH, H-2 purine), 7.89 (s, IH, H-8 
purine), 4.91 (m, 2H, CH2-N) , 3.74. (t, 2H, J = 6.2, CH2-OH) , 
3.52 (bs, 6H, (CH3)2N), 2.87 (bs, IH, OH), 2.50 (m, 2H, CH2- 
15 CH2OH) . 
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Example 81 5- (N-6-Dimethylaminopurin-9-yl) -3-pentynyl-l- 

oxycarbonyl-L-arginine - Compound #81 




5 Spectral properties were identical with confound #40. 

Example 82 N,N- (6-Dimethylaininopurin-9-yl) -7-thioethoxy- 



ethanol - Compound #82 




10 

1h NMR (CDCI3): 5 8.30 (s, IH, purine), 7.75 (s, IH, purine), 
4.41 (t, 2H, J = 6.5, CH2 linker), 4.11 (bs, IH, OH), 3.73 (t, 
2H, J = 6.5, CH2 linker), 3.51 (bs, 6H, (CH3)2N), 2.99 (t, 2H, J 
= 6.5, CH2 linker), 2.68 (t, 2H, J = 6.5, CH2 linker). 
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Example 83 N,N- (6-Dimethylaminopurin-9-yl) -7-thioethoxy- 



ethoxycarbonyl-L-arginine - Compound #83 




H 



5 Spectral properties were identical with coirpound #40. 



Example 84 (2S,4S)and {2R, 4R) -2- (N,N-DimethylaIninopurin-9- 

yl) -4- (methoxycarbonyl-D-arginine) -l, 3- 
oxathiolane - Compound #84 




1h NMR (CDCI3, 300 MHz): 5 8.49 (s, IH, purine), 8.47 (s, IH, 

purine), 6.60 (bs, IH, NH carbamate) , 6.22 (m, IH, H-2- 
oxathiolane) , 4.26-4.03 (m, 3H) , 3.63-3.00 (m, IIH) , 2.78-2.69 
15 {m, 2H, H-5-oxathiolane) , 1.53-1.40 (m, 4H, CH2-CH2-CH2NH- 

C(NH)NH2). 

Example 85 N,N- {6-Dimethylaminopurin-9-yl) -7-ethoxy- 

ethoxyethanol - Compound #85 

20 
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1^0 




1^0 



OH 



OSitBuPhj 



1h NMR (CDCI3): 5 8.29 (s, IH, purine), 7.80 (s, IH, purine), 
4.33 (t, 2H, CH2), 3.82 (t, 2H, CH2) , 3.6B (t, 2H, CH2) , 3.55 
5 (t, 2H, CH2). 3.50 (m, 6H, N(CH3)2). 



1h NMR (DMSO-dg) : S 8.25 (s, IH, purine), 8.14 (s, IH, purine), 
6.5 (bd, IH, NH carbamate), 4.37 (t, 2H, CH2 linker), 4.03 (m, 
2H, CH2 linker), 3.81 (m, 2H, CH2 linker), 3.72 (m, IH, CH- 
COOH), 3.60 (m, 2H, CH2 linker), 3.55-3.89 (m, 6H, N(CH3)2)* 
15 3.05 (m, 2H, CH2-NH-C(NH)NH2) , 1.78-1.39 (m, 4H, CH2-CH2-CH2NH- 

C(NH)NH2)- 



Example 86 



N,N- (6-Dimethylaminopurin-9-yl) -7-ethoxy- 




10 
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Example 87 



N , N- ( 6 -Dimethylaminopur in- 9 -y 1 ) - 7 - ethoxy- 




ethoxycarbonyl-L-arginine 



2) L-arginine 




Compound #87 



H 



I 

H 



5 Spectral properties were identical with compound #86. 

Example 68 n- (6-Dimethylamino-8-bromopurin-9-yl) 5-pentanol 

- Compouzid #88 



10 




NBS 



Acetate buffer, 0.5M Na"^ 
pH 4.5 




NMR (CDCI3) 400 MHz): 5 8.27 (s, IH, purine), 4.18 (t, 2H, 
J=7.2, CH2), 3.64 (t, 2H, J=6.3, CH2) , 3.48 (bs, 6H, N(CH3)2) / 
2.02 (bs, IH, OH), 1.85 (quint, 2H, J=7.2, CH2) , 1-63 (quint, 
15 2H, J=6.3, CH2), 1.46 (m, 2H, CH2) . 



86 



wo 95/35297 



PCT/CA95/00356 



BIOLOGICAL DATA 

IN VITRO SCREENING; 

5 Example 89; Mitogenic Proliferation on Spleen Cell 

Suspension 

Mitogenic lectin (mitogen) is a protein which binds and 
cross-links specific cells surface carbohydrate 

in determinants, and will polyclonally stimulate lymphoid 
cells. Lymphocyte activation by either antigens or 
mitogens results in intracellular changes and the 
subsequent development into a lyir^jhoblast . Mitogenic 
stimulation of lyirphocytes in vitro is believed to mimic 

15 the series of events which occur in vivo following their 
stimulation by specific antigens. PHA, ConA, and PWM, LPS 
mitogens can be used as a measurement of T cell and B cell 
activity, respectively. 

20 Briefly, spleen mononuclear leukocytes from C57BL/6 mice 
were incubated in the presence or absence of mitogens with 
or without tested drugs. After 72 hours or 5 days, 
thymidine incorporation was recorded as an indication of 
cell transformation and proliferation. 

25 

100 ^l of a suspension of 2X10^ cells/ml (2x10^ cells/well) 
were incubated in presence of PHA or ConA or PWM or LPS at 
the following concentrations: 

30 PHA = 0.01% final concentration - 0.001% 

ConA = 2 fig/ml - 1 ^g/ml 
PWM = 0-2x - 0.02X 
LPS = 5 |Xg/ml - 2 \lg/ml 
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Cells were inciibated in presence or absence of drugs for 
72 hours. 0.5 or 1 \iCi of tritiated thymidine (^H) was 
added per well the last 18 or 6 hours of incubation 
respectively. Cells were harvested and counted on a Beta 
5 counter . 



TABLE 1 
(Mitogenic Proliferation) 



Compound No. 


T (ConA.) (U) 


B(LPS) (M) 


ST-789 


0 


1.5-3x(10-'-10-^) 


#1 


2-4x(10"®-10'^) 


2x(10"*) 


#2 


2-4x(10"*-10'^) 


0 


#3 


2-6xl0""-10"*) 


2-2.5x(10'''-10'*) 


#7 


2-6x(10-"-10"") 


0 


#9 


2-3.5x(10'"-10"*) 


1 



10 

Example 90; Cytotoxic T Lyii5)hocytes (CTL) and Mixed 

Lyn^hocyte Reaction (MLR) Assays 

15 Mixed lymphocyte reaction is an. in vitro counterpart of 
the allograft rejection. Briefly, T cell response was 
obtained when cells taken from two inbred strains from two 
outbred individuals of any species were mixed in vitro in 
culture. To have a unidirectional response, the 

20 proliferation of either cell type may be blocked with X- 
irradiation or mitomycin C treatment. 

After 4 days incubation, thymidine uptake and 
cytotoxicity assay (CTL) were performed. 

25 
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3 C57B1/6 mice and 3 DBA/2 mice wre killed and lyirphocytes 
prepared using lympholyte M, The cell concentration was 
adjusted to 10x10^ cell/ml for each lysis. DBA/2 cells were 
irradiated with 3000 Rads . 1 ml of the C57 cells + 1ml of 
5 the DBA/ 2 cells + 1 ml of the drug at 3 different 
concentrations were incubated together for 5 days. 
Positive control was IL-2 at 15 ng/ml final. After 5 days, 
the CTL and MLR tests were carried out. 



10 MLR 

The cells were resuspended and 100 ^1 of cell suspension 
were deposited in each of the 96 v/ells in the plate, 50 pi 
of thymidine at 20 |lCi/ml was added for 6 hrs. The cells 
were then collected and counted using a beta counter. 

15 

CTL 

P815 target cells were labelled with Cr^^. After 
labelling, the cells were resuspended to 5x10^ cells/ml. 
Effector cells were adjusted to 2.5x10^ cells/ml, and then 
20 diluted 1:2 and 1:4 to obtain the necessary effector to 
target ratios: 

50:1 {2.5x10^ cells/ml: 5x10"^ cell/ml) 
25:1 (1.25x10^ cells/ml: 5x10^ cells/ml) 
25 12,5:1 (0.625x10^ cells/ml: 5x10^ cells /ml) 

lOOM-1 of target cells + lOOjll Of T cells were incubated 
for 4 hrs and then lOOfil of supernatant was counted using 
a gamma counter. 
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TABLE 2 
(CTL and MLR Assays) 



Confound No. 


CTL {a} 


MT.S fM) 


ST 689 


++++ (10-7 M)P 


1.6x (10-5 M)P 


ST 789 


++ (10'"') 


2-3x(10 -10 ) 


#111 


+++ (10"'7 M) 


1.5-2.5X (10-9-10-5 M) 


#V 


+++ {10"7 M) 


1.5-2X (10-7-10-5 M) 


#1 


++++ (10 


1.5"4x(10 -10 ) 


#2 


0 


1.5-2x(10 -10 ) 


#3 


+ (10 


1.5x(10 -10 ) 


#3a 


+++ (10-9-10-7 M) 


1.5-2.9X (10-9-10-5 M) 


#5 


+ (10-^) 


l,5-2x(10 -10 


#5a 


++ (10-7-10-5 M) 


1.5-2X (10"9-10-^ M) 


#6 


+++ (lO-') 


1.5-3x{10"^-10'^) 


#7 


+++ (10-') 


1.5-2x(10'^-10'^) 


#7a 


++++ (10-9 M)P 


2x (10-9-10-5 M)P 


#8 


++++ (lO"') 


1.5-2x(10'^-10*^) 


#11 


++ do-') 


2-2.5x(10"''-10"^) 


#19 


++ (10-7 ji)P 


OP 


#20 


++ (lO^^) 




#51 


++ (10-7 M) 


1.5-2X (10-9-10-6 M) 


#59 


++ (10-9 M) 


2-2. 4x (10-9-10-5 M) 


#60 


+ (10-7 M) 


1.7-2X (10-9-10-5 M) 



For CTL Activity, the data expressed is as a % increase compared to IL-2. 
5 IL-2 is 100%. 0 represents less than 20%, + represents 20-40%, ++ 

represents 40-60%, and -!•++ represent 60-80%, and ++++ represents 80+. P = 
Preliminary result 
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E3cainple 91; Inmiunopheiiotyping 

5 After in vitro drugs analysis, the drugs were evaluated on 
whole blood for drug stability and toxicity. Furthermore, 
in vivo /ex vivo analysis was performed on normal and 
cyclophosphamide immunosuppressed animals plus 5Fu- treated 
animals. Cell immunophenotyping was performed on mouse- 
10 treated blood and spleen. The following cell surface 
antigens were analyzed: 

CD3 (all T cells), CD4 (T helper /inducer, binds class II- 
res trie ted T cells), CD8a (cytotoxic T cells, CTL 
adhesion), CDlla (T, B, NK, some stem cells, CTL adhesion 
15 anti LFA-la) , MAC-1 ( monocyte /macrophage ) , NK (natural 
killer cells), Ly5 (B cells), CD45 (all leukocytes, 
protein tyrosine phosphates), and TCR (T cell receptor). 

C57BL/6 mice (6-8 weeks old) were injected daily for 4 
20 consecutive days, sacrificed at day 5 and 

immunophenotyping was performed on blood and spleen cells . 

The cells were washed twice in PBS, resuspended in 1 ml of 
RPMI 2% FBS, and incoibated for 45 min. on ice with 
25 monoclonal antibody. The cells were washed once, fixed 
with 1% paraformaldehyde, then analyzed using XL Coulter 
counter. Results are presented in Table 3a and 3b. 
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TABLE 3a 

Ixnixiunophenotyping On Blood Cells 
Of Compoimd #1 Treated-Mice (NolO) 



^eii maiKcr 










CD8+ 


mean 


6.66 


10.1 1 


0.65 


CD45+ 


STD 


2.09 


0 AO 


l.oy 




P 




o one 
U.OOO 


D.02 


NK+ 


mean 


6.01 


5.90 


8.14 


CD3- 


STD 


0.98 


1.39 


1 oc 

l.oo 




P 




0.5 


0.005 


NK+ 


mean 


3.43 


5.84 


3.25 


CD3+ 


STD 


0.76 


2.08 


0.57 




P 




0.02 


0.289 




mean 


9.60 


13.71 


9.68 1 


CD! lb+ 


STD 


2.79 


2.68 


3.59 1 




P 




0.015 


0.4 1 


TABLE 3b 

Innnunophenotyping On Spleen Cells Of Compound #1 
Treat ed-Mice (Naio ) 


Cell marker 




Control 


25 mg/kg 


50 mg/kg 




mean 


38.93 


39.78 


45.09 


TCR+ 


STD 


3.83 


7.61 


7.34 




P 




0.421 


0.035 




mean 


55.49 


54.08 


50.35 




STD 


3.44 


7.30 


6.72 


1 


P 




0.37 


0.034 1 
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TABLE 4 



imnoinophenotyping On Blood Cells Of Mice Treated with 
Con«)ound #1 In Combination With 
Cyclophosphamide ( N"4 ) 




Spleen: no effect 



TABLE 5a 

immimophenotyping On Blood Cells Of Mice Treated 
With Compound #1 In Combination 





With 


5 Fluoroixracil 


(Nb4) 








5FU 


5FU -i-cpclffl 


5FU + cpd#1 


Cell marker 




(80 mg/kg) 


25 mg/kg 


50 mg/kg 




mean 


6.66 


lo.n 


8.65 


CD8+ 


STD 


2.09 


2.69 


1.39 


CD45+ 


P 




0.005 


0.022 




mean 


3.24 


3.58 


4.12 


NK+ 


SID 


0.66 


1.01 


0.74 




P 




0.38 


0.01 



15 
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TABLE 5b 

Immunophenotyping On Spleen Cells Of Mice Treated 
With Coztqpoxmd #1 In Combination 





With 5 


Fluorouracil 


(No4) 




Cell marker 




5FU 
(80 mg/kg) 


SFU-t-cpd«1 
25 mg/kg 


SFU + cpd#l 
50 mg/kg 




m9on 


10.0 


13.19 


12.06 


CD45- 


STD 


1.98 


3.19 


2.27 




P 




0.015 


0.04 




mean 


4.22 


3.32 


3.17 


NK+ 


STD 


0.5 


0.45 


0.36 




P 




0.0005 


0.0001 



5 



AKTITUMOR ASSESSMENT PROTOCOL 

The compounds were tested for tumor growth control using 
10 the following procedures. 

Example 92 ; Effect of compoxind #1 on growth of breast 
carcinoma in combination with 
cyclophosphamide • 

15 

Balb/C Mice (n-5/Gr) were used along with DA-3 mammary 
carcinoma cell line. The mice were treated from -2 to 13 
days. Animals were monitored for tumor takes/tumor size 
and body weights for three weeks from Day 0 until Day 21. 
20 DO was the day of tiomor cell inoculation and D21 was the 
day of experiment termination. 

Parameters of effect were measured by inhibition of tumor 
outgrowth and growth rate [tumors measured along the 
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longest axis (length) and the perpendicular shortest axis 
(width) and the tumor volumes (T.V. ± S.E.) was calculated 
by the formula T,V.=length (cm) x (width cm)^ /2.] 
assessment of body weight loss. 

5 

The statistical significance of difference between t\amor 
takes and tumor sizes of control-untreated and drug- 
treated groups is estimated using the Chi-sguare and 
Student's t tests respectively with significance 
10 determined at p<0.05. 

The mice were divided into the following 5 groups: 

Gr.l - Normal Saline (0.2 ml /mouse i.p. starting at D2) 
15 Gr.2 - CY (100 mg/kg single bolus i.v. at DO) 

Gr.3 - Conqpound #1 (25 mg/kg i.p. starting at D2) 
Gr.4 - Coxi5)ound #1 (50 mg/kg i.p. starting at D2) 
Gr.5 - CY (100 mg/kg i.v. at DO + conrpound #1 50 mg/kg 
i.p. starting at D2) 

20 

Results are presented in Table 6 and Figures 1 and 2 . 
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TABLE 6 

Effect of compound #1 treatment on 
Tumor Outgrowth 



Group/Day 


4 


6 


8 


10 


Gr.1: saline 


5/5* 


5/5 


5/5 


5/5 


Gr2: CY @ 100mg/kg 


5/5 


5/5 


5/5 


5/5 


Gr.3: #1 @ 25mg/kg 




2/5' 


3/5 


4/5 


Gr.4: #1 @ 50mg/kg 


3/5 


3/5 


3/5 


3/5 


Gr.5: CY ® 100mg/kg 
j + #1 @ 50mg/kg 


4/5 


5/5 


5/5 


5/5 



* Tumor takes= # tumor-bearing mice/total # of mice 
5 t p<0.05 by Chi-square test 



Example 93 ; Evaluation of Compound #1 in combination 

with cyclophosphamide (Cytoxan) (CTX, 20 
msr/k?) against X3A-3 mammary carcinoma. 

10 

Combination of compound #1 (25 and 50 mg/kg i.p. daily) 
plus CTX (20 mg/kg i,v. single bolus) was evaluated 
against day 4 established DA-3 tumors. 

15 Results showed no significant effect of combination 

treatment of compound #1 (at 25 mg/kg) plus CTX, However, 
a significant but transient effect was observed with CTX 
plus compo\ind #1 at 50 mg/kg from day 9 until day 18 
(Figure 3). The decay of the positive anti-tumor effect is 

20 possibly due to the generation of T-supressor cells at the 
later stage of tumor growth. No significant body weight 
loss was observed (Figure 4) , 



96 



wo 95/35297 PCT/CA95/00356 

Example 94 ; Evaluation of Compound #1 in combination 

with cyclophosphamide (Cytoxan) (CTX, 28 
mg/kg) against DA-3 mammary carcin ma. 

In another experiment, the CTX treatment was prolonged. 
5 Balb/c mice were injected s.c. with 5 x 10^ DA-3 tumor 
cells at day 0. At day 4 when established tumors appeared, 
tumor-bearing animals were randomized (n=ll/gr.) and 
injected with CTX (at 28 mg/kg) i.v. bolus injections at 
days 4, 11, and 18. Treatment with compound #1 was 
10 initiated using standard treatment regimen of daily i.p. 
injections at 50 mg/kg starting from day 2 until day 28, 



Results of this experiment (Table 7) show a highly 
statistically significant (p, 0 . 001-p<0 . 005) anti-tumor 
15 effect of the coitpound #1 (BCH-1393) + CTX combination 
treatment from day 11 imtil day 30 of tumor growth. No 
significant body weight loss was obser^^ed (Table 8). 



Example 95 ; Evaluation of compound #1 in combination 

20 with 5FU against colon adenocarcinoma. 

C57BL/6 mice 6-8 weeks old (n=7-9/gr) were injected with 
3x10^ MC38 colon adenocarcinoma cells s.c. on day 0. On day 
1 , tumor-bearing mice were randomized and injected with 

25 5FU at 20 mg/kg either alone or in combination with 

levamisole at 20 mg/kg i.p. or with conpound #1 at 25 and 
50 mg/kg i.p. over a four week period. During this period, 
animals were treated for 5 consecutive days, untreated for 
2 days, and treated again for 5 consecutive days per week 

30 for 4 weeks. 
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Results of this experiment show a significant dose- 
dependent anti-tiamor effect following conpound #1 (at 50 
and 25 mg/kg) + 5FU (20 mg/kg) compared to control 
untreated group (Figure 5). The anti-tumor effect of 5FU + 
5 Compound #1 (at 50 mg/kg) was markedly better than that of 
5FU + Levamisole. A moderate anti-tumor response was 
observed following treatment with 5FU (20 mg/kg) alone or 
with 5FU (20 mg/kg) plus Levamisole (20 mg/kg) . This may 
be due to the fact that 20 mg/kg represents a suboptimal 
10 dose of 5FU for MC3 8 colon adenocarcinoma. 

Example 96 ; In vivo toxicity of Coxnpound #1 

The objective of this study was to find the toxic dose of 
compound #1 after repeated intravenous injections in 
15 Fisher male and female rats. 

Groups of 3 male rats, and 3 female rats were injected 
daily i.v. for 5 consecutive days. A first group received 
500 mg/kg, a second group 250 mg/kg, and a third group 125 

20 mg/kg. In addition, one male and one female were injected 
with 1000 mg/kg. An \intreated group ( male and female) was 
included in the experiment. For all doses a constant 
volume of 0.1 ml/lOOg was used. Injections were started on 
day 0 and continued until day 4 (5 days). During 

25 treatment, weight changes were recorded daily and the rats 
were observed for at least 1 hour post-injection for signs 
of drug effect. On day 8, the rats were euthanatized and a 
macroscopic examination of the internal organs was 
performed. 

30 

Both rats (1 male and 1 female) injected with 1000 mg/kg 
i.v. showed severe colonic convulsions and died within 10 
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minutes. With 500 mg/kg, all rats were observed to have 
twitches of the torso area, tremors of the forepaws and 
jumping episods. These signs lasted less than 1 hour and 
were coirparable after each of the five injections. The 
5 growth curves of the animal were not affected when 

conpared to controls. With the two lower doses (250 mg/kg 
and 125 mg/kg) , no abnormal signs were observed at any 
time during dosing and the growth curves were normal 
(Figures 6 and 7) . No drug induced changes were noted on 
10 necropsy of these animals. 



Compovmd #1 is well tolerated when injected i.v. in Fisher 
rats. A dose of 250 mg/kg injected for 5 consecutive days 
produced no signs of toxicity. The compound caused colonic 
15 convulsions and was lethal at the dose of 1000 mg/kg. A 
dose of 500 mg/kg produced some short lasting abnormal 
signs but no lethality of effects on the growth of the 
animals . 



20 CONCLUSIONS 



From the data, in vitro, the compoimds of the invention, 
in particular con^oxxnd #1, appears to activate T cells 
(including CTL's) and B cells. 

25 

In vivo, the compound of the invention, in particular 
compound #1, increases the number of CTL's. 

The confounds of the present invention, in particular 
30 compound #1, appear to be well tolerated. 
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Compound #1 appears to inhibit tumor outgrowth in 
combination with cyclophosphamide against mouse mammary 
carcinoma in vivo, 

5 Compound #1 appears to inhibit tumor outgrowth in 

combination with 5FU against mouse colon adenocarcinoma 
in vivo. 
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■ WE CLAIM: 

1. A coirpoxind of formula I: 



PCT/CA95/00356 




or pharmaceutically acceptable derivatives thereof, 
wherein 

Ri is selected from the group consisting of hydrogen; 
10 Ci-16 alkyl; halogen; substituted or unsubstituted 

thiol; unsubstituted or substituted amino; and OR® 
wherein R® 

is selected from the group consisting of hydrogen, Ci- 

16 alkyl, Ci-8 acyl, and C7.18 aryl; 
15 R2 and R3 are independently selected from the group 

consisting of hydrogen; C1-4 alkyl; aiaino; substituted 

or unsubstituted thiol; and halogen; and 
R4 is selected from the group consisting of a linear or 

cyclic carbon chain of the formula (CHo.2)o-2o -X 
20 optionally interrupted with one or more heteroatom, 

and optionally sxibstituted with one or more =0, or 

=S , and 

wherein x", is selected from the group consisting of 
hydroxy, an aminoalkyl group, an amino acid, or a 
25 peptide of 2-8 amino acids, 

with the proviso that, when Ri is NHa* and R4 is 
pentyloxy carbonyl-L-arginine, then R2 is not 
hydrogen, and 
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when Ri is OH, and R4 is pentyloxycarbonyl-L-arginine, 
then R2 is not NH2. 

2. The conpound according to claim 1, wherein R4 is 
5 (CHo-2)i-8-x", wherein x" is OH. 

3. The conpoxand according to claim 1, wherein R4 is (CH2)- 
L -0-CO-x", wherein L is a linear or cyclic carbon 
chain optionally interrupted with one or more O, S, or 

10 NH. 

4. The compovind according to claim 1, wherein X^^ is 
(CH2)mNH2 wherein m is an integer between 1 and 6. 

15 5. The compound according to claim 4, wherein n is 2 . 

6 . The compound according to claim 3 , wherein X is a 
naturally occuring amino acid in the D- or L- 
conf iguration . 

20 

7. The conpoxind according to claim 6, wherein said amino 
acid is selected from the group consisting of: 
arginine, glycine, alanine , . glutamic acid, valine, 
ornithine, or citrulline, or conservative substitutions 

25 thereof . 

8 . The compoxind according to claim 7 , wherein said amino 
acid is D-arginine. 

30 9. The compoxind according to claim 7, wherein said amino 
acid is L-arginine. 

10. The compound according to claim 3, wherein x" is 
selected from a peptide of 2 to 8 amino acids. 
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11. The conpound according to claim 10, wherein said 
peptide is Val-Pro-Leu, or Ile-Pro-Ile, or conservative 
sxibstitutions thereof . 

5 

12, The compound according to claim 3, wherein L is 
selected from: -(CH2)n-/ - (CH2)in"H- (CH2)m-/ and (CHa)^- 
CHC-(CH2)m-/ wherein H is 0, S, or NH, n is an integer 
between 1 and 6, and m is an integer between 1 and 3, 

10 

13 - The compound according to claim 3 , wherein L is 
selected from: phenyl, cyclohexyl, dioxolanyl, 
oxathiolanyl, and cyclopentyl. 

15 14. The compound according to claim 1, wherein when Ri is 
Ci-16 alkyl, Ri is an aromatic or non aromatic ring 
optionally interrupted wi.th one or more heteroatom, and 
optionally substituted with one or more heteroc.tom, 
hydroxy, halogen, Ci-i6 alkyl, Ci-ie acyl, Ce-ii aryl, 

20 nitro, or substituted or unsubstituted amino. 

15. The compound according to claim 1, wherein Ri is 
selected from the group consisting of: hydrogen, 
halogen, Ci-e alkyl, unsubstituted or substitued amino, 

25 OH, and OCx-6 alkyl, SH, or SCi-e alkyl. 

16. The compound according to claim 15, wherein said 
halogen is chloro, 

30 17. The compound according to claim 15, wherein said 

\ansusbtituted or substituted amino is represented by 
formula NR^R^ wherein R^ and R^ are independently 
selected from the group consisting of hydrogen, C1-4 
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alkyl, Ci-4 alkoxy, C1-4 acyl, siibstituted or 
unsubstituted amino, and Ce-io aryl. 

18. The coirpound according to claim 17,^ wherein Ri is 
5 selected from the group consisting of: 
-N(CH3)2/ 
-NHNH2/ 
-NHCH3, 
-NH2, 

10 -N{NH2)CH3/ 

-NH-CH ( CH3 ) CH2 -O- ( CO ) CH3 , 



P 

?20 



, or 




^ wherein R20 is H or methyl. 



15 19, The coirpoimd according to claim 15, wherein Ri is OCH3/ 
or SCH3. 

20. The conpoxind according to claim 1, wherein R2 and R3 are 
independently selected from the group consisting of: 

20 CI, Br, I, and F. 

21, The conpound according to claim 20, wherein R2 and R3 
are independently CI, or Br. 

25 22, The conpound according to claim 21, wherein R2 is CI, 

23. The conpound according to claim 21, wherein R3 is Br. 

24. The conpound according to claim 1, wherein R2 is NH2. 

30 
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25. The compound according to claim 1, wherein R3 is SH, or 
SCH3 . 



26, The compound according to claim 1, wherein Ri is 
5 N(CH3)2; R2 and R3 are hydrogen; and R4 is 

pentyloxycarbonyl-p-arginine, or pharmaceutically 
acceptable derivatives thereof, 

27, The compound according to claim 1 selected from the 
10 group consisting of: 

Compound #IIIN- ( 6-Chloropurin-9-yl ) -S-pentanol 
Conpound #V N- { 6-N, N-Dimethylaminopurin-9-yl ) - 
pentanol 

Coitpound #1 N,N-Dimethylaminopurinyl Pentoxycarbonyl 
15 D-Arginine 

Compound #2 N,N-Dimethylaminopurinyl Pentoxycarbonyl 
L-Arginine 

Compound #3 N-Monomethylaminopurinyl Pentoxycarbonyl 
D-Arginine 

20 Coitpound #3a N- (6-N-Methyl"Aitiinopurin-9-yl) -pentanol 

Compoiind #4 N-Monomethylaminopurinyl Pentoxycarbonyl 
L-Arginine 

Compound #5 Aminopurinyl Pentoxycarbonyl D-Arginine 
Compound #5a N- (6-Aminopurin-9-Yl) 5-Pentanol 
25 Confound #6 Aminopurinyl Pentoxycarbonyl L-Arginine 

Compound #7 Hydrazinopurinyl Pentoxycarbonyl D- 
Arginine 

Compound #7a N- (6-Hydrazinopurin-9-yl) 5-Pentanol 
Conpoxmd #8 Hydrazinopurinyl Pentoxycarbonyl L- 
30 Arginine ; 

Compound #9 Chloropurinyl Pentoxycarbonyl D-Arginine; 
Compound #10 Chloropurinyl Pentoxycarbonyl L-Arginine; 
Compound #11 Hydroxypurinyl Pentoxycarbonyl D- 
Arginine ; 
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Coitpoimd #12 Mercaptopurinyl Pentoxycarbonyl D- 
Arginine ; 

Conpound #13 Mercaptopurinyl Pentoxycarbonyl L- 
Arginine ; 

Compoxind #14 N,N-Dimethylaminopurinyl Pentoxycarbonyl 
Glycine ; 

Compound #15 N,N-(6-Diinethylaininopurin-9-yl)-7'- 
ethoxy-ethoxycarbonyl-D-arginine ; 

Cortpovind #16 (2S, 4S) -2- (N,N-dimethylaininopurin-9-yl) - 
4- (methyloxycarbonyl-D-arginine) -1, 3-dioxolane; 

Coir5>ound #17 N- ( S-Diinethylamino-B-bromopurinyl- 
Pentoxycarbonyl L-Arginine; 

Corrpound #18 N- (6-dimethylainino-8-bromopurin-9-yl) 1- 
pentoxycarbonyl-D-arginine ; 

Coirpound #19 N-9-purinyl-5-pentanol; 

Conpoiand #20 N-9-purinyl-7-pentyloxycarbonyl-D- 
arginine ; 

Conpound #21 N-9-purinyl-7-pentyloxycarbonyl-L- 
arginine ; 

Cortpound #22 N,N-Dimethylaminopurinyl Pentoxycarbonyl 
L-Valyl L-Prolyl L-Leucine; 

Coirpo\ind #23 N,N-Dimethylaitdnopurinyl Pentoxycarbonyl 
L-Isoleucyl L-Prolyl L-Isoleucine; 

Conpound #24 N- ( 6-Cyclopropylaminopurin-9-yl) -5- 
pentanol ; 

Corrpound #25 N- {6-cyclopropylaminopurin-9-yl) -7- 
pentyloxycarbonyl-D-arginine ; 

Conpound #26 N- (6-cyclopropylaiainopurin-9-yl) -7- 
pentyloxycarbonyl-L-arginine ; 

Compound #27 N- {6-Azetidinepurin-9-yl) -5-pentanol; 

Conpound #28 N- ( 6-A2etidinepurin-9-yl) -7- 
pentyloxycarbonyl-D-arginine ; 

Compoxind #29 N- (6-Azetidinepurin-9-yl)-7- 
pentyloxycarbonyl-L-arginine ; 
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Compound #30 trans- {N-6-chloropurin-9-yl) -4-methyl- 

. cyclohexyl-methanol; 
Conpound #31 trans- {N-6-dimethylaininopurin-9-yl) -4- 
methyl-cyclohexyl -methanol ; 
5 Compoiind #32 trans- (N-6-dimethylaminopurin-9-yl) -4- 

me thy 1 - eye 1 ohexy 1 -me thy 1 oxyc arbony 1 - D- ar ginine ; 
Coir?)Oimd #33 trans- (N-6-hydroxypurin-9-yl) -4-methyl- 

cycl ohexy 1 -methanol ; 
Compound #34 trans- (N-6-methoxypurin-9-yl) -4-methyl- 
1 0 eye 1 ohexy 1 -me thano 1 ; 

Compound #35 cis- (N-6-dimethylaminopurin-9-yl) -4- 

methyl-eyclohexyl -methanol ; 
Compound #36 cis- (N-6-dimethylaminopurin-9-yl) -4- 
methyl-eyelohexyl-methyloxyearbonyl-D-arginine; 
15 Compound #37 N- (6-dimethylaminopurin-9-yl) 7- 

pentoxycarbonyl-D-citrulline ; 
Compound #38 N- (6-methylaziridinepurin-9-yl) -5- 
pentanol ; 

Compound #39 raeemie N- (6-methylaziridine purine-9- 
20 yl ) -7-pentyloxycarbonyl-D-arginine ; 

Compound #40 N, N- ( 6-Dimethylaminopurinyl-9-yl ) -7- 

thioe thoxy- e thoxyc arbony 1 -D- ar ginine ; 
Coirpoxind #41 Meta- {N-6-dimethylaminopurinyl-9-yl) 
me thy 1 -benzyl oxyc arbony 1 -D- ar g inine ; 
25 Compound #42 5- (N-6-Dimethylaminopurinyl-9-yl) -3- 

pentynyl-l-oxycarbonylD-arginine ; 
Conpoxand #43 Racemic N-[6- (l-methyl-2-acetoxy) - 

ethylaminopurin-9-yl] -5-pentanol ; 
Conpound #44 Racemic N- [6- (l-methyl-2-acetoxy) , 
30 ethylaminopurin-9-yl] -7-pentyloxy-carbonyl-D- 

arginine ; 

Compoiand #45 N- (2, 6-Dichloropurin-9-yl) -5-pentanol; 
Compound #46 N- (2 , 6-Dichloropurin-9-yl) -7- 
pentyloxycarbonyl-D-arginine ; 



108 



Compound #47 N- (2 , 6-Dichloropurin-9-yl) -7- 
pentyloxycarbonyl-L-arginine ; 

Compound #48 •N-(2-Amino, N-Dimethylaininopurin-9- 
y 1 ) - 5 -pen t ano 1 ; 

Compound #49 N- (6-dimethylamino-8-methylthiopurin-9- 

yl) 5-pentanol; 
Coitpound #50 N- (6-dimethylainino-8-inethylthiopurin-9- 

yl ) 7 -pentoxycarbonyl-D-arginine ; 
Conpound #51 (6-methoxypurin-9-yl) 5-pentanol; 
Compound #52 N- (6-methoxypurin-9-yl) 7- 

pentoxycarbonyl-D-arginine ; 
Conpound #53 N- (2-chloro-6-methoxypurin-9-yl) -7- 

pentyloxycarbonyl-D-arginine ; 
Conpound #54 N- (6-dimethylaininopurin-9-yl) 7- 

pentoxycarbonyl-D-omi thine ; 
Conpound #55 N- (6-dimethylaminopurin-9-yl) 7- 

pentoxycarbonyl-L-omi thine ; 
Contpoxind #56 N- (6-dimethylaminopurin-9-yl) 7- 

pentoxycarbonyl-L-valine ; 
Cortpoxind #57 N- (6-dimethylamino-9-yl) 7- 

pentoxycarbonyl-D-valine ; 
Coirrpoimd #58 N(N,N-dimethylaminopurin-9-yl) -7- 

pentyloxycarbony lethylamine hydrochloride ; 
Compound #59 N-(6-Mercaptopurin-9-yl)-pentanol; 
Coirpound #60 N- ( 6 , -N-Methylthiopurin-9-yl ) -pentanol ; 
Compo\md #61 N- (6-chloropurin-9-yl) 4-butanol; 
Coirpound #62 N- (6-dimethylaminopurin-9-yl) 4-butanol; 
Compound #63 N- (6-dimethylaminopurin-9"yl) -6- 

butoxycarbonyl-D-arginine ; 
Compound #64 N- (6-dimethylaininopurin-9-yl) -6- 

butoxycarbonyl-L-arginine ; 
Coirpound #65 N- (6-chloropurin-9-yl) -6-hexanol ; 
Conpound #66 (6-N,N-dimethylaminopurin-9-yl) -6- 

hexanol ; 
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Compound #67 N- {6-N,N-diinethylaininopurin-9-yl) -8- 

hexyloxycarbonyl-D-arginine ; 
Compound #68 N( 6-N,N-dimethylaitiinopurine-9-yl) -8- 

hexyloxycarbonyl-L-arginine ; 
5 Compound #69 cis- {N-6-hydroxypurin-9-yl) -4-methyl- 

cyclohexyl -methanol ; 
Cortpoimd #70 cis- (N-6-hydroxypurin-9-yl) -4-methyl- 

cyclohexyl-methyloxycarbonyl-D-arginine; 
Conpoxind #71 trans- (N-6-hydroxypurin-9-yl) -4-methyl- 
10 cyclohexyl-methyloxycarbonyl-D-arginine ; 

Compound #72 N-(6-N,N dimethylaminopurin-9^yl) -5- 

pentylamine hydrochloride salt; 
Compoxind #73 N- (6-methylaziridinepurin-9-yl) -7- 

pentyloxycarbonyl-L-arginine ; 
15 Compound #74 (2S, 48) -2- (N,N-Dimethylaminopurin-9"yl) - 

4-hydroxymethyl-l, 3-dioxolane; 
Conpound #75 (1S,3R) and (IR, 3S) -1- (N-6- 

Dimethylaininopurin-9-yl ) methyl - 3 - cyclopentane 

methanol ; 

20 Compound #76 (1S,3R) and (IR, 3S) -1- (N-6- 

Dimethylaininopurin-9-yl ) methyl-3 - ( methyl oxycarbonyl - 
D-arginine ) cyclopentane ; 
Compound #77 N,N- (6-Dimethylaminopurin-9-yl) -7- 
ethylaminoethanol ; 
25 Compound #78 N,N- ( 6-Dimethylaiainopurin-9-yl) -7- 

e thy lamino e thoxy c arbony 1 - D- ar ginine ; 
Corrpoxind #79 N,N- (6-Dimethylaminopurin-9-yl) -7- 

ethylaminoethoxycarbonyl-L-arginine; 
Compound #80 5- (N-6-Dimethylaminopurin-9-yl) -3-pentyn- 
30 l-ol; 

Coitpoxind #81 5- (N-e-Dimethylaminopurin-g-yD-S- 
pentynyl-l-cxycarbonyl-L-arginine ; 
Compound #82 N,N-{6-Dimethylaminopurin-9-yl)-7- 
thioethoxy-ethanol ; 
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Coitpound #83 N,N- {6-Dimethylaminopurin-9"yl) -7- 

thioethoxy-ethoxycarbonyl"L-arginine; 
Conpoxind #84 (2S,4S)and {2R, 4R) -2- (N,N- 

Dimethylaiainopurin-9-yl ) -4- (methoxycarbonyl-D- 

arginine ) -1 , 3 -oxathiolane ; 
Conpound #85 N,N- (6-Dimethylaininopurin-9"yl) -7-ethoxy- 

ethoxyethanol ; 

Conpound #86 N,N- (6-Dimethylaininopurin-9-yl) -7-ethoxy- 

ethoxycarbonyl-D-arginine ; 
Coirpomd #87 N,N- ( 6-Diinethylaininopurin-9-yl) -7-ethoxy- 

ethoxycarbonyl-L-arginine ; and 
Compound #88 N- {6-Dimethylamino-8-bromopurin-9-yl) -5- 

pentanol . 

28. The compound according to claim 27 selected from the 
group consisting of: 

Conpound #IIIN- ( 6-Chloropurin-9-yl ) -5-pentanol 
Compound #V N- ( 6-N, N-Dimethylaminopurin-9-yl ) - 
per^tanol 

Conpound #1 N,N-Dimethylaminopurinyl Pentoxycarbonyl 
D-Arginine 

Compound #2 N,N-Dimethylaminopurinyl Pentoxycarbonyl 
L-Arginine 

Compound #3 N-Monomethylaminopurinyl Pentoxycarbonyl 
D-Arginine 

Compound #3a N- (6-N-Methyl-Aminopurin-9-yl) -pentanol 
Conpound #5 Aminopurinyl Pentoxycarbonyl D-Arginine 
Compound #5a N- {6-Aminopurin-9-Yl) 5-Pentanol 
Compound #6 Aminopurinyl Pentoxycarbonyl L-Arginine 
Compound #7 Hydrazinopurinyl Pentoxycarbonyl D- 
Arginine 

Compound #7a N- {6-Hydrazinopurin-9-yl) 5-Pentanol 
Compound #8 Hydrazinopurinyl Pentoxycarbonyl L- 
Arginine ; 
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Compound #11 Hydroxypurinyl Pentoxycarbonyl D- 
Arginine ; 

Compound #19 N-9-purinyl-5-pentanol; 

Compound #20 N-9-purinyl-7-pentyloxycarbonyl-D- 
5 arginine ; 

Compound #51 (6-methoxypurin-9-yl) 5-pentanol; 

Compound #59 N- (6-Mercaptopurin-9-yl) -pentanol; and 

Compound #60 N- ( 6 , -N-Methylthiopurin-9-yl ) -pentanol . 

10 29 /.The compound according to claim 28 being compound #1 
N2- ( 6-dimethylaxtiinopurin-9-yl ) 7-pentyloxycarbonyl-D- 
arginine . 

30. A pharmaceutical composition containing a compoxind 

15 according to claim 1, 27, or 29, wherein said compound 

is present in admixture with a pharmaceutically 
acceptable carrier. 

31. A pharmaceutical composition according to claim 30 

20 wherein conpound is present in admixture with another 

therapeutically active agent. 

32. A pharmaceutical composition according to claim 31 
wherein said therapeutically active agent is 

25 eye lophosphamide . 

33. A method for the treatment of immune deficiencies or 
control of cancer growth comprising the step of 
administering to a mammal a pharmaceutically acceptable 

30 amount of a compoxind according to claim 1, 27, or 29. 

34. A method for increasing the number of cytotoxic T 
lymphocytes in a mammal, including a human, comprising 
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the step of acSministering a pharmaceutically acceptable 
amount of a compound according to claim 1, 27, or 29. 



35, A method for the control of cancer growth in a mammal, 
5 including human, comprising the step of administering 

to a mammal a pharmaceutically acceptable amount of a 
compound according to claim 29. 

36. A method for the control of mammary carcinoma in a 
10 mammal, including human, comprising the step of 

administering to a mammal a pharmaceutically acceptable 
amovmt of a compound according to claim 29, in 
combination with cyclophosphamide. 

15 37. A pharmaceutical composition for the treatment of 

cancer conprising a coirpoxind according to claim 1, 27 
or 29, in combination with 5-f luorouracil . 

3 8. The pharmaceutical corr^osition according to claim 37 
20 wherein said cancer is colon carcinoma, 

3 9. A method for the treatment of cancer in a mammal, 
including a human, comprising the step of administering 
a pharmaceutically acceptable amount of compound 

25 according to claim 1, 27, or 29, in combination with 5- 

f luorouracil. 

40. The method according to claim 39, wherein said cancer 
is colon carcinoma. 

30 

41. The method according to claim 39, wherein said cortpound 
is administered in an amount ranging from about 1 to 
about 100 mg/kg. 
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42. The method according to claim 41, wherein said compound 
is administered in an amount ranging from about 2 to 
about 20 mg/kg. 

5 43* The method according to claim 42, wherein said compound 
is administered at about 2.5 mg/kg, 

44. The method according to claim 39, wherein said 5- 
fluorouracil is administered in an amount ranging from 

10 about 1 to about 50 mg/kg. 

45. The method according to claim 44, wherein said 5- 
fluorouracil is administered in an amoxint ranging from 
about 5 to about 20 mg/kg. 

15 

46. The method according to claim 45, wherein said 5FU is 
administered at about 12 mg/kg. 

47. The method according to claim 39, wherein said 
20 combination is administered sequentially. 

48. The method according to claim 39, wherein said 
combination is administered simultaneously. 

25 49. The method according to claim 39, wherein said 

combination is administered as a single formulation 
combining 5-FU and said coitpound. 
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